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ABSTRACT

This work deals systematically with all the pectnids and
propeamussiids that occur in the Jurassic of Europe apart
from the genus Weyla and a suite of distinctive species largely
confined to the Tithonian of Alpine and southern Europe. By
applying a species concept in which all members of an evolv-
ing lineage are accorded the same specific name, 34 species are
recognised (3 in the genus Propeamussinm, 3in the genus En-
toliwm, 4 in the genus Pseudopecten, 5 in the genus Spon-
dylopecten, 6 in the genus Camptonectes, 3 in the genus
Eopecten, 3 in the genus Chlamys and 7 in the genus
Rudulopecten). Each species is described, with the aid of
biometric information, and its taxonomy is discussed in de-
tail. Following this, stratigraphic and geographic range is de-

scribed, the latter with the aid of maps (including pre-drift re-
constructions for extra-European distribution). Sedimentary
and faunal associations are set out and from this information
an attempt is made to reconstruct palaeosynecology. Mode of
life is inferred both by means of drawing analogies with living,
morphologically similar species and through comparison
with sets of morphological *“paradigms” deduced for the vari-
ous modes of life of scallops. In the section introducing the
“paradigms” special attention is given to the likely function of
shell plication. A concluding section for each species discusses
origins and the rate and possible genetic basis of any phyletic
changes.

KURZFASSUNG

Alle Pectiniden und Propeamussiiden, die im europdischen
Jura vorkommen, werden in diesem Werk systematisch be-
handelt, abgesehen von einer Reihe besonderer Arten, die
hauptsichlich im Tithon des alpinen und stideuropiischen
Raumes vorkommen. Durch Verwendung eines Artbegriffes,
wobeti alle Mitglieder einer Abstammung als eine Art betrach-
tet werden, konnen 34 Arten anerkannt werden (3 in der
Gattung Propeamussium, 3 in der Gattung Entolinm, 4 in der
Gattung Pseudopecten, 5 in der Gattung Spondylopecten, 6 in
der Gattung Camptonectes, 3 in der Gattung Eopecten, 3 in
der Gattung Chlamys, 7 in der Gattung Radulopecten). Jede
Art wird beschrieben (mit Hilfe biometrischer Daten), und
taxonomische Fragen werden griindlich diskutiert. Danach
werden die stratigraphische und geographische Verbreitung

diskutiert, im letzten Fall mit Hilfe von Karten (einschliefilich
paliokontinentaler Zusammenstellungen fir Daten aufler-
halb Europas). Sedimentologische und faunistische Bezie-
hungen werden beschrieben, worauf versucht wird, ein Bild
der Paliosynokologie zusammenzustellen. Auf die Lebens-
weise wird nicht nur durch Analogie mit lebenden, morpho-
logisch ihnlichen Formen geschlossen, sondern auch durch
einen Vergleich mit ,,Paradigmen®, die fiir jede der verschie-
denen Lebensweisen bei Kammuscheln abgeleitet werden. In
der Entwicklung von ,,Paradigmen* wird die Rolle der Be-
rippung bei Kammuscheln besonders berticksichtigt. Fiir jede
Art wird in cinem zusammenfassenden Abschnitt der Ur-
sprung, die Geschwindigkeit und die vermutliche genetische
Basis fur phyletische Veranderungen diskutiert.

* Dr. Andrew L. A. JOHNSON, University of Leicester, Department of Geology, University Road, Leicester, LET 7RH, England.
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Appendix T — Species described from the European Jurassic but not discussed in the systematic

sectionof thiswork. . . .. ...............

[.INTRODUCTION

The present work 1s in essence a somewhat condensed ver-
sion of the author’s doctoral thesis “The palaeobiology of the
bivalve family Pectinidae in the Jurassic of Europe’ (Jornson,
1980). The Propeamussiidae were also included in the latter
work, the word Pectinidae being interpreted sensu lato to
mean all scallops. The original research was undertaken with a
view to providing data for the then nascent debate over the
tempo and mode of evolution (review in Gourp and Ei-
DREDGE, 1977) and it is hoped to discuss the evolutionary im-
plications of the data presented herein in a future publication.

In the course of the research the author undertook exten-
sive field work in England (supplemented by studies in France
and Germany) and examined museum material preserved in
some 18 institutions spread through England, France and
Germany. To all those who helped by making collections
available for study and to the many others who assisted in the
research (financed from the Burdett-Coutts Fund, University
of Oxford) grateful thanks are offered. A full list of acknowl-
edgements is presented in the author’s thesis. Latterly, Mrs.
V. JEnkins has been of the greatest assistance in typing correc-
tions to the final draught of the manuscript.

The original study was succeeded by an investigation of the
Upper Triassic and Lower Jurassic bivalves of alptne Europe.
Relevantinformation from the latter research, financed by the
Alexander-von-Humbold¢-Stiftung and carried out at the
Universitits-Institut  fiir Paldontologie und historische
Geologie, Miinchen (where the author’s collection is now
housed), has been incorporated herein.

It proved impossible to gain more than a very superficial
picture of the palaeobiology of a suite of distinctive species
largely confined to the Tithonian of southern and alpine
Europe. These species (for which ’Orsicny’s (1850) name
Pecten Insularum, GemmerLaro and D1 Bras’s (1874) names
P. nebrodensis,  P. oppeli, P. sicilus,
P. polyzonites, P. acrorysus, P. poccilographus, P. zitteli and

P. billiemensis,

P. grammoproticus, BoEaM’s (1883) names P. clare rugatus
and P. fraudator and BrascHKE’s (1911) name P. polycyclus
are available) are excluded from formal treatment herein. The
genus Weyla, which occurs in Europe but is far more abun-
dant in the Americas (DamBorENEA and MANCENIDO, 1979) is
also excluded. Data on the extra-European distribution of the
formally analysed species has however been included in order
to present a more complete picture of the palacobiology of
these species.

Mode of life was judged in some cases by drawing analogies
with living, morphologically similar forms. However, in an
attempt to introduce more rigour into the analysis, a variant
of the ‘paradigm’ approach (Rubwick, 1964) was also emp-
loyed. The methodology here is comparison of the given shell
morphology with sets of ideal dimensions and qualities (the
paradigms — presented in Part II) devised for the various
modes of life.

SPECIES CONCEPT

If significant morphological evolution occurs in some frac-
tion of a species’ total population or if it occurs throughout a
species’ total population in two or more different directions
we have speciation, in the multiplicative sense of the word.
Significant morphological evolution in the same direction
throughout a species’ total population (phyletic evolution) is
speciation in the non-multiplicative sense of the word. A
number of notable modern authors (e. g. Goutp and Er-
DREDGE, 1977: 119; STanLEY, 1978: 27, 28) have restricted
their use of the term speciation to the multiplicative process in
order to simplify discussion of the relative importance of this
and the non-multiplicative mode of evolution. Since such dis-
cussion was one of the author’s research objectives (see above)
the ‘modern’ approach has been followed herein. It has the ef-
fect that separate specific names can only be applied to the
separate branches emanating from a branching point in a
phylogenetic tree (i. e. the branches themselves cannot be
subdivided into separate species even if they signify consider-
able phyletic evolution). Whether all of the two or more
descendant branches should be accorded different specific
names must be decided by whether they can all be thought of
as constituting fresh branches. This in turn must be decided
by the mode of arrangement of the branches in the case in
question. Four basic configurations can be envisaged (text
fig. 1). Ina)and b) itis clear that both D and D; should be ac-
corded a different specific name to A while in ¢) it is corres-
pondingly clear that D, must be accorded the same specific
name as A. The latter is also the most logical solution to d) al-
though it is less easy to perceive D, and A as parts of the same
branch. In practice, of course, only segments of the branches
of a phylogenetic tree are known. Where such segments over-
lap temporally it is clear that they must be accorded separate
specific names. In the case of stratigraphically separated but
obviously related segments one can only guess whether they
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Text fig. 1: The four basic potential branch configurations about a

simple bifurcation in a phylogenetic wee.

constitute parts of the same branch and should therefore be
accorded the same specific name, or whether they consutute
parts of different branches and should therefore be accorded
separate specific names. Thus in such cases application of the
‘modern’ species concept defeats the object for which it was
originally introduced, that of clearly differentiating multi-
plicative from non-multiplicative processes of evolution. If
such cases are common one might just as well employ a ‘tradi-
tional” species concept. The author came across relatively few
instances where an arbitrary decision had to be made and
therefore feels justified in having employed the ‘modern’ con-
cept.
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Text fig. 2: Simplified interior view of the right valve of the extant
pectinid Gloripallim pallium; 1. v. = left valve (adapted from WAL-

LER, 1972b: 228).

LEFT

anterior disc flanks

‘—rdlscs

DORSAL  umbones VENTRAL
Lcntero-dorsul disc gape
anterior auricles
RIGHT
Text fig. 3: Simplified anterior view of the extant pectinid Argo—-

pecten purpuratus (adapted from WALLER, 1969: 9).

GENERAL FEATURES AND DESCRIPTIVE
TERMINOLOGY

Text figs. 2 and 3 illustrate major features of typical pec-
tinids and serve to introduce most of the potentially unfamil-
iar morphological terms employed herein. A few of the terms
appear to have been invented by WarLer (1969) but most have
a long history of usage. Orientation is conventional rather
than anatomical with an imaginary hine meeting the outer lig-
ament perpendicularly at the resilium marking the boundary
between the anterior and posterior shell sectors and an imagi-
nary line perpendicular to the latter halfway between the re-
silium and the ventral margin marking the boundary between
the dorsal and ventral shell sectors.

The outline of the left disc is almost always a mirror image
of the right. The auricles of the left valve are, however, never
extended more than fractionally dorsal of the outer ligament
insertion (at least in post-Palaeozoic forms) while those of the
right valve are usually at least noticeably (sometimes very
markedly) extended bevond the outer ligamentinsertion. The
base of the anterior auricle of the left valve 1s, moreover,
rarely excavated to the same extent as that of the right valve.

The terms byssal notch and byssal sinus, referring respec-
tively to excavations at the bases of the right and left anterior
auricles, derive from the fact that the byssus (if any) is ex-
tended out of the shell (via the comb-like structure known as
the ctenolium) in the area immediately ventral to the anterior
auricles.

The terms equivalve/inequivalve and equilateral/inequilat-
eral are used herein only with reference to that great majority
of the shell constituted by the dises. Practically all scallops
(1. e. pectinids and propeamussiids) have to be regarded as in-
equivalve and inequilateral if the auricles are included into

consideration (see above).

Maost of the terms such as lamellae, spines, tbercles used
herein to describe ornament need no clarification. A few
words are however called for in connection with the terms
plicae, costae, striae and sulci. The term plicae 1s applied to
radial corrugations affecting the entire thickness of the shell at
the ventral margin. All other forms of radial ornament are
termed costae except where very fine (relief less than about
0.1 mm), in which case the term striae is used. Sulci are the
troughs between plicae and costae.

The terms original and initial are applied to the first formed
or primary plicae, costae or striae in species which have sec-



ondary plicae, costae or striae (as a result either of intercala-
tion or splitting). The term original is used where the first
formed plicae, costae or striae in fact appear at the start of
post-larval ontogeny and the term initial is used where the
first-formed plicae, costae or striae appear somewhat later.
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Text fig. 4: General dimensions measured in this study: 1. In the
plane of commissure (based on the specimen illustrated in text fig. 2;
all parameters apart from N are also measurable in the left valve).

Text fig. 5: General dimensions measured in this study: 2. Per-
pendicular to the plane of commissure (based on the specimen illu-
strated in text fig. 3).

Text fig. 6: Special dimensions: measurable only in Propeamusss-
ium (P.) laeviradiatum and species of Entolium (based on a general-
ised Entolinm right valve umbonal region, seen from the inside).

MORPHOMETRY AND METHODS OF
COMPARISON

In an attempt to make the study more rigorous it was de-
cided to back up the tried and tested ‘eyeball” method of com-
parison with quantitative methods. To this end some 4000
specimens, representing perhaps half of the total numer ex-
amined, were measured in up to 15 parameters (usually about
6 or 7). Non-ornamental parameters are illustrated, together
with the abbreviated names given to them for the purposes of
easy graphing, in text-figs. 4-6. Their full names are listed in
Table I together with clarificatory notes where necessary. All
linear dimensions are measured either perpendicular or paral-
lel to the hinge line. Ornamental parameters measured, where
possible, include the number of plicae (PL), the number of ex-
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ternal costae (EC) and the number of internal costae (IC).
These need to clarification except in so far as it is necessary o
say that folds merging into the disk flanks were not counted as
plicae.

Linear dimensions were measured with vernier callipers. In
equivalve species the parameter C was in some cases ascer-
tained by measuring the convexity of a single valve and then
doubling. The parameter UA was measured with a contact
goniometer. It is technically rather difficult to measure UA
accurately with a contact goniometer in species where the
umbo projects beyond the hinge line and in small specimens
of all species. In the latter case ‘measuring error’ is probably
random but in the former it is likely that the actual values are
systematically underestimated, the tendency to underestim-
ate probably increasing with increasing umbonal projec-
tion. Measuring error is otherwise probably between I and 2°
for UA and about 0.2 mm for linear measurements.

Analysis of the quantitative data was restricted to the plot-
ting of bivariate graphs and histograms.

PRESENTATION OF RESULTS

A standard systematic format has been used. No attempt at
a complete revision of the supra-specific classification has
been made since for many groups this would require a consid-
erable knowledge of forms occurring outside the Jurassic. At
the generic level the author has followed the classification of
the Treatise on Invertebrate Paleontology (Hert
LEIN, 1969) except where this is plainly inadequate. Classifica-
tion at the familial level follows WaLrer’s (1978) recent
thoroughgoing reappraisal of the Pteriomorphia.

The abbreviations M, OD and SD after citations of type
species (and specimens) mean, respectively, type species by
monotypy, type species by original designation and type
species by subsequent designation.

The layout of the analysis for cach species is largely self-
explanatory. The attempt to determine mode of life by means
of comparison with the paradigms devised in Part II is
presented in Section 9 (Functional morphology) together with
discussion of the function of particular shell features (partly
drawing on the reasoning presented in the qualificatory
section of Part I1) and of other related topics.

In the synonymy lists the author has employed a modified
version (presented below) of MaTrHEWs’ (1973) system for in-
dicating degree of certainty and status of each reference. Al-
though it seems complex the system is easily understood and
appreciated in practice.

Where the specimens corresponding to the cited reference
have been seen by the author or where the cited reference in-
cludes a description or illustration, the date of the reference is
printed in normal type. The symbol v to the left of the date
means that the author has seen the specimens corresponding
to the cited reference. The superscript * signifies that the
specimens are types of the cited species. The symbols v and v*
may be preceded by the symbols ? and p (pars) implying, in
the first case, that certain specimens seen by the author may
correspond to those which are the subject of the cited refer-
ence, and in the second case, that the author has seen only
some of the specimens corresponding to the cited reference.



anterior hinge length; the length of the anterior auricle measured at the hinge line

anterior half length; the perpendicular distance between a line at right angles to
the hinge line touching the shell atits most anteriorly situated point and the most

convexity (measured between the crests of plicae/costae (where present) on the

height; the maximum distance from the hinge line to the ventral margin measured

intersinal distance; the distance between the deepest point in the byssal notch or
sinus (the most ventrally situated point in the disc/auricle suture in Entolinm (E.)
corneolum and E. (E.) orbiculare) and the posterior margin measured in a

length; the perpendicular distance between two lines at right angles to the hinge
line and tangential to the most anteriorly and posteriorly situated points on the

depth of the byssal notch; the perpendicular distance between two lines at right
angles to the hinge line and tangential to the shell at the most anteriorly situated
point on the anterior auricle of the right valve and the decpest point in the byssal
notch (the depth of the byssal sinus (left valve) was not measured in this study).

posterior hinge length; the length of the anterior auricle measured at the hinge

posterior half length; the perpendicular distance between a line at right angles
to the hinge line touching the shell at its most posteriorly situated point and the

Table 1:  Non-ornamental parameters measured in this study (see text figs 4-6).
AH
(1. e. just ventral of the outer ligament).
AHL
ventrally situated point on the shell (not graphed for any species).
AL separation of the auricular apices.
©
right and left valves).
H
in a direction perpendicular to the hinge line.
HAA height of the anterior auricle; the total height of the anterior auricle.
HAAD height of the anterior auricle dorsal of the hinge line.
1
direction parallel to the hinge line.
L
shell.
N
PH
line (1. e. just ventral of the outer ligament).
PHL
most ventrally situated point on the shell (not graphed for any species).
UA

umbonal angle; the angle between two lines tangential to the dorsal ‘shoulders’

of the disc and meeting at the apex of the umbo.

The symbols v and v may be followed by no symbol at all
or by the symbols p, non, ?, () and ?p. Lack of a symbol im-
plies that the specimens corresponding to the cited reference
are considered to be within the author’s hypodigm for the
species under discussion (as described in the relevant Sec-
tion 3). The symbols p and non imply, respectively, that
some and none of the specimens are considered to be within
the author’s hypodigm while ? implies that the specimens may
be within the author’s hypodigm. The symbol (?) implies less
uncertainty than?. The symbol ?p has an obvious connota-
tion. ‘No symbol’, p, non, ?, (?) and ?p need not, of course,
necessarily be preceded by v or v¥#,

Where a species is referred to only in an unillustrated faunal
list and the corresponding material has not been seen by the
author, the date of the reference is printed in italics. It is quite
possible in some such cases to be practically certain of the af-
finities of the specimens (e. g. if the fauna of the horizon of
derivation is well known from other sources) so such refer-
ences are not preceded by a qualifving symbol, the italics be-
ing understood to convey the slight level of uncertainty. It s
clear that? and (?) are the only symbols that may precede a
date in 1talics.

The bivariate graphs are intended to illustrate the variation
and, as far as this can be done with ‘static’ plots (Cock, 1966),

the ontogeny of the various shell dimensions. A minimum re-
quirement of 7-10 points was set for the inclusion of such
graphs. Where they differ between the valves, right and left
values vor any given parameter are separated and denoted by
addition of the letter R or L as a subscript to the abbreviated
name of the parameter. (Although there is no difference be-
tween the valves, right and left valve values for the intersinal
distance in Entolium (E.) corneolum are plotted separately
for the purposes of comparison with E. (E.) lunare.) Num-
bersin the graphs refer to points immediately above and to the
left of them and correspond to numbers in the text accom-
panying citations of certain important (usually type) speci-
mens or figures of specimens. The graduations on the axes are
in millimetres in all cases except for UA, where the gradua-
tions are in degrees. Apart from in the case of the parameter
UA, length has been emploved as the standard measure of size
except where this generates too few points for inclusion, in
which case height has been employed. It was felt at the time of
draughting that umbonal angle was not entirely independent
of length so this parameter was plotted against height rather
than length wherever sufficient data presented itself. Subse-
quent consideration suggests, in fact, that umbonal angle and
length are independent of each other in all real situations.



Where plical frequency histograms have been plotted, pli-
cal counts for right and left valves have been plotted together
where the minimum plical count is 12 or more, even though
there may be a difference of one plica between the valves.
Where there is a difference between the valves and the
minimum number of plicae is less than 12, values for right and
left valves have been separated and only one set plotted (the
letter R or L is added as a subscript ta PL as appropriate).
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The single histogram for 1C  (Propeamussum (P.)
pumilium) uses both right and left valve data so no subscript is
added to the abbreviation. However, the single graph involv-
ing EC (P. (P.) laeviradiatum) uses only left valve data so the
letter L is added as a subscript to EC.

The locations and museum registration numbers of speci-
mens represented in the bivariate plots and histograms can be
obtained from the author on request.

Table 2:  Explanation of abbreviated museum (and individual collection) names and lists of

works whose partial or complete subject is pectinids and/or propeamussiids preserved in the

museums.

BCM : City of Bristo]l Museum and Art Gallery (J. Sowersy, 1812-22).

BM : Briush Museum (Natural History), London (ArkeLr, 1929a-35a; Cox, 1935a,
1936a, 1952; Damvon, 1880; Duer, 1978; Lycerr, 1863; NEALE, 1956; PArIs and
RICHARDSON, 1916; ]J. Sowerey, 1812-22; J. pE C. SOWERBY, 1822a—46a, 1840b;
WHIDBORNE, 1883; WitcHELL, 1880).

BSPHG Bayerische Staatssammlung fur Paliontologie und historische Geologie, Munich
(Boenm, 1883; BURCKHARDT, 1903; Gorpruss, 1833-40; Kunn, 1935, 1936;
RotHrLetz, 1886; ScHLipPE, 1888; WAAGEN, 1867; YamaN, 1975).

DM : Institut des Sciences de la Terre, Université de Dijon.

ENSM Ecole Nationale Supérieure des Mines, Centre d’Etudes et de Recherches de
Paléontologie Biostratigraphique, Université de Paris-Sud, Centre d’Orsay
(BUviGNiER, 1852; BavLE, 1878; DoLLEus, 1863; DouviLLE, 1916; TERQUEM and
Jourpy, 1869).

GPIB : Insutut fir Palaontologie der Rhein. Friedr.-Wilhelms Universitit, Bonn
(Gorptuss, 1833-40).

GPIG : Geologisch-Paliontologisches Institut und Museum der Georg-August-Uni-
versitat, Gottingen (Ernst, 1923).

GPIT : Universitit Tiibingen, Institut und Museum fiir Geologie und Paliontologie
(OppEL, 1853; QUENSTEDT, 1858; ROLLIER, 1915; STAESCHE, 1926).

HM : Museum fur Naturkunde an der Humboldt-Universitit zu Berlin
(ScHLOTHFIM, 1820).

1GS ¢ Institute of Geological Sciences, Geological Survey, London (Huit, 1857;
MELVILLE, 1956; MORRIs and LyceTT, 1851-55; TAWNEY, 1866).

MHNL  : Museum d’Histoire Naturelle, Lyon (DUMORTIER, 1864-74).

MN : Museum Nationale d’Histoire Naturelle, Paris (LaMARCK, 1819).

MNO Museum Nationale d’Histoire Naturelle, Paris, ’Orziony Collection (D" ORrpic-
NY, 1850).

MNP : Museum Nationale d’Histoire Naturelle, Paris, Peron Collection (PErON, 1905).

MNR :  Museum Nationale d’Histoire Naturelle, Paris, Regional Collection.

MNS : Museum Natonale d’Histoire Naturelle, Paris, Systematic Collection
(CotrEAu, 1853; J.-C. FiscHERr, 1964; DE Lorior, 1894, 1904; pE Lorior and
LaMBERT, 1893; DE LorioL et al., 1872).

NM :  Ecole nationale Supérieure de Geologie, Nancy (BUVIGNIER, 1852; DECHASEAUX,
1936).

NMW Naturhistorisches Museum, Vienna (NEUMAYR, 1871).

OUM Oxford University Museum (ARKELL, 1926, 1929a-35a; Doucras and ARKELL,
1932; Durr, 1978; KirkaLDY, 1963).

SbM : Woodend Museum, Scarborough.

SeM ¢ Scunthorpe Museum and Art Gallery.

SM : Sedgwick Museum, Cambridge (WHIDBORNE, 1883).

WM : Whitby Museum (Simpson, 1884).

YM : Yorkshire Museum, York (PHiLries, 1829).
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Table 3:  Key to symbols used in graphs and diagrams (“the
sense in wic these stage names are applied is explained on
p. 16).

The abbrevations of museum names (and of the names of
particular collections in museums) used herein are listed and
explained in Table 2 together with works whose parnal or
complete subject is Jurassic scallops preserved in the various

museums. Non-parenthesised numbers following museum
abbreviations in the text refer to individual specimens or small
‘collectives’ in a single tray except in the case of YM where the
number refers to a box. Unfortunately 1n a number of
museums unfigured material is not catalogued thus where re-
ference is made to such material no more than the identity of
the museum can be indicated. Where more than one specimen
is involved as a reference to museum material and the actual
number is of some importance, it is quoted in square brackets.

The species distribution maps have been compiled very
largely from the citations listed in the synonymies. Details
concerning the remaining information (derived from collec-
tions) can be obtained from the author on request. The recon-
structions employed as the basis for charung extra-European
distribution are those of Syt and Bripen (1977). In the ab-
sence of precise details concerning place of discovery, speci-
mens from the Caucasus (Pomprckj, 1897) have been sym-
bolised on both the north and south sides of Tethys.

The symbols used in both the graphs and the maps to indi-
cate stratigraphic horizon are explained in Table 3. Although
the general lack of stratigraphic subdivision beyond the level
of the stage masks some of the temporal changes in morpho-
logy and distribution mentioned in the text, it was felt that the
plethora of symbols required to illustrate such changes would
prevent appreciation of the larger scale changes.

The L. and U. Pliensbachian have traditionally been regarded as

subdivisions of almost stage rank. Separate symbols are therefore

used for specimens from the L. and U. Pliensbachian in exception
to the general rule of using the same symbol for specimens from all
substages of a stage.

The zonal stratigraphic scheme presented in Table 4 and
used throughoutis that of Hallam (1975a). The author has fol-
lowed Hallam in not recognising the Portlandian stage. Sedi-
ments in S. England and N.W. France which would tradi-
tionally be termed Portlandian are herein termed Tithonian.
The term Kimmeridgian is applied sensu gallico (= L. Kim-
meridgian sensu anglico).

r 3
IN.W. FRANCE AND

_S. ENGLAND
( Nodiger Titan I Transitorius hl
U. < subditus ?i Gorei : I
Fulgens /Mbani\ H 0 ‘
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VOLGIAN < M. Virgatus ar Pallasiades—? ——— Scruposus TITHONIAN
Panderi | Pectinatus ! Concorsi } M
Pseudoscythicus i Hudlestoni I Pencillatum .
L. ¢ Sokolovi | Wheatleyensis | Vimineus
Klimovi—mo ifScitulusy ! Triplicatus L.
‘\Elegans ST : Lithographicum
" NW. EUROPE | 7S EURGPE |
| |
I Autissiodorensis | | Beckeri :
| Eudoxus : | Eudoxus I
% Mutabilis | Acanthicum |
KIMMERIOGIAN < : } | O :
| Cymodoce | I Hypselocyclum
| Baylei | 1 Platynota !
f (| Pseudocordata ! . Planula :
| Ul Oecipiens ! | Bimammatum |
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DXFORDIAN < L Transversarium T
M.{ Plicatilis
L Cordatum
L “L Mariae
U Lamberti
} Athleta
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‘| Macrocephalus



BATHONIAN

BAJOCIAN

AALENTAN

j’

|

|

b

i

L

b

)
TOARCIAN
PLIENSBACHIAN
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Table 4:
pean Jurassic (see p. 16).

Appendix 1 is a list of those nominal pectinid and prop-
eamussiid species described from the Jurassic of Furope
which are not considered herein. Apart from names created
for members of the highly distinctive group of species from
the Tithonian of alpine and southern Europe and for members
of the genus Weyla (see p. 11) it consists of names created for
specimens which in the author’s opinion are specifically inde-
terminate and names which, as a result of poor descriptions
and figures and the unknown whereabouts of type material,
can only be said to refer to ‘pectinids’ or ‘propeamussiids’.
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Discus
Aspidoides
Retrocostatum
Morrisi
Subcontractus
Progracilis
Zigzag
Parkinsoni
Garantiana
Subfurcatum
Humphriesianum
Sauzei
Laeviuscula
Discites
Concavum
Murchisonae
Opalinum
Levesquei
Thouarense
Variabilis
Bifrons
Falciferum
Tenuicostatum
Spinatum
Margaritatus
Davoei

Ibex

Jamesoni
Raricostatum
Oxynotum
Obtusum
Turneri
Semicostatum
Bucklandi
Angulata
Liasicus
Planorbis

Zonal scheme (after Hallam, 1975a) for the Euro-

NOTE ON COPPER ENGRAVINGS

Many of the illustrations in the earlier works referred to
herein were printed from copper engravings. Since this pro-
cess involves reversal of the image it follows that for accurate
reproduction the engraving must be a mirror image of the
original specimen. A number of peculiarillustrations encoun-
tered in the course of research were quite clearly the resultof a
failure to make the initial reversal. In such cases measure-
ments have been automatically reversed and in general no
further comment has been made in the text.

I am grateful to R. J. Creevery (British Museum; Nat.
Hist.) for pointing out to me the reason for reversed illustra-
tons.

IT. MORPHOLOGICAL PARADIGMS FOR THE BASIC MODES OF
LIFEOFSCALLOPS

The background to the inclusion of this piece is presented
on p. 11 together with an explanation of the sense in which
the term ‘paradigm’ is applied herein. The mode ot hte
categories are a combination of those of Kaurmann (1969) and
STANLEY (1970). Although some living pectinids are known to
be cemented (e. g. Hinnites) no paradigm is presented for this
mode of life because it is easily recognisable in fossils from
preservation. In formulating the paradigms the author has re-
stricted his attention to easily observable external features of

the shell.

Size of the antero- and posterodorsal disc gapes has therefore not
been considered. This might be thought to represent an important
omission in connection with the swimming paradigm. In factitis

probably of little consequence, for, as WALLER (1969) has pointed
out, the jets of water expelled during swimming are actually con-
trolled by the apposed velar lobes of the antero- und posterodorsal
parts of the shell. it should be pointed out that swimming is quite
possible in forms completely lacking disc gapes (e. g. Glovipallinm
pallinm [see WALLER, 1972b]).

Many living scallops actually have more than one mode of
life (e. g. byssal swinging/tightly byssate, reclining/swim-
ming) so this possibility has to be borne in mind in comparing
fossil species to the paradigms. It is doubtful avhether swim-
ming could ever be a full-time activity and certainly no living
scallops have yet been discovered in which swimming is the
exclusive mode of life.



RECLINING

Reclining is defined as lying on the sea floor without any
means of attachment. All known living species with this habit
lie on the right valve. In the lack of a means of artachment re-
clining species are susceptible to overturning and transport in
high energy environments. This danger can be offset by hav-
ing a large thick shell (increasing weight) with strong or-
namentation on the right valve (increasing frictional resistance
to movement). Low ornamentation on the left valve and gen-
erally low convexity will also help to lessen the risk of over-
turning and transport by reducing the profile of the shell and
consequently its resistance to water movements. Given an in-
ability to orientate the shell with respect to the direction of
water movements an orbicular shape will be the best form for
the disc as far as minimising the risk of overturning is con-
cerned. A low convexity, orbicular disc is also the best form
for reclinipg in low energy environments where the substrate
is soft, since it spreads the weight of the shell and thereby in-
hibits sinkage. Small size (large surface area/weight ratio) and
a thin shell will be similarly beneficial in this situation and
strong ornament will be a disadvantage unless it extends
beyond the disc margins as some form of protuberance with a
high surface area/weight ratio and thus provides a ‘snowshoe’
effect. Large auricles would provide the same benefit on soft
substrates but otherwise no advantage can be envisaged in
their possession for a standard reclining mode of life.

TIGHT BYSSAL FIXATION

Tightly byssate scallops apply the right valve to the sub-
strate and extend a short byssus over the margin of the right
valve at the base of the anterior auricle. The great majority of
living species attach themselves beneath or on the sides of hard
objects.

Unless the right valve is of very low convexity any increase
in the tension of the byssal (= pedal) retractor muscle beyond
that strictly required to keep the animal in contact with the
substrate tends to tilt the shell and present a large area for re-
sistance to currents. There is thus a danger that the attachment

limited upward titting
in these regions

will be broken altogether. Tilting in a purely anterior-post-
erior sense can be minimised by having a small anterior auricle
thus bringing the byssus closer to the tilting fulcrum and
minimising its leverage. This, however, does nothing to
minimise upward tilting of the ventral part of the shell and a
better all-round solution (text fig. 7) is elongation of the dor-
sal part of the anterior auricle without addition to the ventral
part (i. e. development of a deep byssal notch). A further im-
provement is achieved by a ‘rightward’ slope of the anterior
auricle from posterior to anterior (WaLLEr, 1972b). Posses-
sion of a narrow disc restricts the shell area presented to cur-
rents upon tilting.

Development of a deep byssal notch has the added advan-
tage of putting the byssus in a position where it can resist an
overturning force (such as that provided by currents meeting a
convex right valve) acting on the posterior part of the shell
(STANLEY, 1970). However, assuming that it is impossible to
increase the force exerted through the byssus it will be neces-
sary in this situation for the depth of the byssal notch to in-
crease allometrically (exponent 2) in order to maintain an at-
tachment at all, since the moment exerted by the overturning
force will be proportional to the cross-sectional area of shell
perpendicular to its line of action.

Obviously possession of an initially deep byssal notch will create a
certain amount of leeway, in forms lacking allometric growth of
the byssal notch, before attachment is actually lost. With regard to
the assumption concerning the force exerted through the byssus
(i. . that it is impossible 1o add to the number of byssal fibres so as 10
increase the basic strength of the byssus, and that of the bond be-
tween byssus and substrate, and thereby allow a greater force to be
exerted by the byssal retractor without breaking the artachment) it
must be doubted whether this is universally applicable. The as-
sumption is made in the interests of facilitating ar least some sort of
interpretation of fossil morphologies. Although the limited infor-
mation on living scallops suggests that the assumpuion is reason-
able, it is difficult to see why scallops should be constrained to
rerain the juvenile number of byssal threads.

The author is here only considering forms with the usual at-
tachment position, beneath or against the sides of objects. The
effective overturning moment will actually decrease during
ontogeny in forms attached to the upper surfaces of objects
since in this situation the overturning force has to contend

( byssus

anterior auricle pressed
against substrate

Text fig. 7:  The effect of elongation of the dorsal part of the anterior auricle in restricting tilung (result-
ing from the combination of high byssal tension and a convex right valve) in the posterior and posteroven-

tral shell regions (arrow = byssal force).



with the weight of the animal (scaling as L?). For all orienta-
tions on hard, smooth substrates it will be advantageous to
have a minimally ornamented right valve so as to maximise the
shell area in contact with the substrate and consequently max-
imise frictional resistance to lateral movement of the shell. On
soft substrates frictional resistance will be increased by the
development of some form of ornament that penetrates the
substrate surface. Similar ornament on the left valve will also
be of value if the substrate is so soft the the animal can in-
sinuate itself. Otherwise it will be preferable for the ornament
of the left valve to be subdued so as to minimise resistance to
currents and consequently maintain lateral strain on the bys-
sus at a tolerable level. A low convexity left valve will be ad-
vantageous for the same reason. In forms with the usual at-
tachment position (see above) small size and thin valves will
be beneficial in minimising the basic strain on the byssus re-
sulting from the weight of the animal.

For forms tightly attached in confined spaces where the left
valve comes into contact with the substrate upon gaping it will
be advantageous for the hinge line to migrate ventrally so as to
prevent restriction of the angle of gape with growth (Yonce,
1951).

Implied here are fissures that are essentially ‘v’-shaped. Narrow,

parallel-sided spaces are not colonisable, except by small forms,

because shell growth rapidly makes it impossible to open the
valves.

At all sizes subdued ornamentation and low convexity of
the left valve together with a thin shell will allow the widest
possible gape in the space available. Subdued ornament and
low convexity will also maximise frictional resistance to
movement if the substrate is hard and smooth (see above).

BYSSAL SWINGING

The nature of a byssal swinging mode of life needs no ex-
planation. As in tightly fixed forms (see above) the byssus is
extended between the valves at the base of the anterior auricle.
In the absence of contact between the shell and the substrate
to which the byssus is attached there is nothing to be gained
from elongation of the dorsal part of the right valve anterior
auricle and consequent production of a deep byssal notch.
Strain on the byssus as the result of frictional drag between the
shell and currents can be minimised by development of alow
convexity posteriorly elongated disc (1. e. ashape that behaves
like a windvane [Kaurmann, 1969]) on which the ornament is
subdued. Small size and thin valves will minimise the basic
strain on the byssus resulting from the weight of the shell.

SWIMMING

Scallops achieve self-propulsion through the water in two
ways. In one the valves clap together rapidly and a large vol-
ume of water is expelled ventrally; the shell therefore moves
dorsally. Rapid adduction is also involved in the other
method but here the velae (the muscular curtains formed from
the inner mantle lobe of each valve) are employed in such a
way as to restrict egress of the water to two small regions on
either side of the auricles (see p. 17). Movement is therefore
in a ventralward direction. In both processes the left valve is
always uppermost. The first process, the ‘escape response’ of
authors, is rarely observed in nature and will not be consid-
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ered further. The second process is that which has come 10
be known as ‘swimming’.

In the swimming process thrust can be maximised by pos-
session of low convexity valves so that almost all the water
trapped between the valves is finally expelled (TravEr, 1972).
Low convexity also minimises drag in the brief, post-adduc-
tive planing phase by rendering the shell streamlined. Since
scallops are denser than water they must generate lift in order
to progress by swimming. At the expense of forward advance
this can be achieved simply by tilting the dorsal part of the
shell downwards and thus translating some of the thrust from
the water jets into an uvplifting force. By departing from a
paradigmatic form for generating thrust and minimising drag,
lift may also be obtained hydrodynamically in the planing
phase. A strongly right convex shell thrust through the water
would generate lift in the same way as an angled board but
such a shape would have such a poor thrust/drag ratio that, in
spite of allowing jetting of water at a lower angle, it is very
doubtful whether it could travel as far horizontally for a given
expenditure of energy as a low convexity shell gaining lift
purely from downward thrust. A shell of low right valve con-
vexity but with moderate left valve convexity (a ‘hydrofoil’
shape) would also generate lift (by the Bernoutrr Effect
STANLEY, 1970]) and in this case it seems likely that the
thrust/drag ratio would not be so poor as to greatly coun-
teract the advantage of a lower ‘required jetting angle’ and that
therefore such a shell would travel at least as far horizontally
for a given expenditure of energy as a shell with both valves of
low convexity, gaining lift purely from downward thrust.

Since gravity scales as L* while thrust and lift (together with
drag) only scale as L? it becomes steadily more difficult for
scallops to swim as they approach large size (Gourp, 1971).
The size at which the capacity is lost can be increased by vari-
ous muscular allometries (Goutp, 1971; Taayer, 1972). As
far as the hard parts are concerned swimming ability can be
prolonged by ontogenetic increase in the umbonal angle,
which serves to direct the water jets more nearly backwards
and therefore maximises forward thrust (Stancey, 1970), and
by length/height allometrv, which increases the ‘aspect ratio’
and thereby minimises drag (Goutp, 1971). Obviously an in-
itially large umbonal angle and length/height ratio (1. ¢. in gen-
eral terms a sub-orbicular rather than sub-ovate shape) will
make for more efficient swimming in the juvenile and add to
the effects of allometry in the adult. Further advantages are a
thin shell (reducing weight) and subdued ornament (reducing
drag). Large auricles would increase the resistance of the shell
to sinking during the planing phase but would increase drag
without adding anything to thrust or lift so it is very doubtful
whether they would provide an overall advantage.

QUALIFICATORY SECTION CONCERNING
ORNAMENT

It will have been noted in the foregoing sections that strong
ornament 1s an advantage for stability in certain situations. A
number of other ways have been suggested in which strong
ornamentation, in the form of radial plicae, might be benefi-
cial to a scallop and it is as well to evaluate whether such or-
nament could indeed be of use in any other way for if so it will
be necessary to play down the evidence of ornament, where
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developed as radial plicae, in attempting to determine mode of
life by means of the paradigms.

The most popular suggestions have been that plicae reduce
the risk of the shell being broken (on the assumption that they
increase strength in the same way as corrugations in a sheet of
iron) by forces acting on it during life. On the grounds of re-
sults obtained by PreuscHOET et al. (1975) from stress experi-
ments, Re1F (1978) has recently asserted that the basic assump-
tion that plicae increase the overall strength of a shell is false
and he has gone so far as to say that plicac actually decrease the
overall strength of a shell. Such are in fact by no means neces-
sary conclusions from the experimental results of PrruscHOFT
et al. The experiments performed by the latter authors con-
sisted of the application of a force above the adductor muscle
(to simulate the force exerted by the adductor during swim-
ming) of previously ‘stress-coated’ scallops. (A stress-coatisa
lacquer which cracks to show up lines of tension and com-
pression on a stressed body.) The observed stress pattern in-
dicated that plicae do indeed increase strength in the ventral
sector but that they reduce strength in the dorsal sector. It can
therefore be said that plicae do not increase the strength of a
shell throughout and, since plicae actually weaken the shell in
the dorsal sector, it can be said, on the assumption that
the thickness and therefore basic strength of the
shell in the dorsal sector is the same asin the ven-
tral sector (and bearing in mind the fact that a shell is only
as strong as its weakest point), that the overall strength of the
shell is reduced by the development of plicae. The foregoing
assumption, which Reir must have made to reach such con-
clusions as he did from the experimental results of PREUSCHOFT
et al., is in fact invalid for at least a large number of species
(Pecten maximus, one of the species used by PREUSCHOFT et
al., being a particularly good example of a species with mark-
edly greater shell thickness in the dorsal sector) and taking
into account the fact that the number of shell layers increases
from the ventral to the dorsal margin (Tavior et al., 1969) 1t
seems practically certain to be generally invalid. If it 1s in-
valid to make the above-mentioned assumption then one 1s in
no way forced by the results of the stress-coat experiments to
draw the conclusion that plicae reduce the overall strength of a
shell, for such experiments do not provide quantitative data to
tell us whether plicae reduce strength in the dorsal sector to a
value below that of unplicated shell in the ventral sector,
which is the crucial point in deciding whether plicae increase
or decrease the overall strength of a shell.

The whole question of whether plicae do or do not increase
the overall strength of a shell is potenually answerable
through breakage experiments with plicate and non-plicate
shells of equal thickness and convexity (structural strength is
enhanced by increased convexity [J. Currry, pers. comm.
1978]). The author has yet to find appropriate material for
properly controlled experiments but crude hand trials using
plicate and non-plicate shells of roughly equal thickness and
convexity (belonging respectively to the extant species
Chlumys opercularis and Ch. tigerinag) indicate strongly that
plicac do increase overall strength (at least for those species
[probably the very great majority; see above] whose shells are
dorsally thickened to the same moderate extent as in Ch.
opercnlans).

Although it now seems likely that the traditional assump-
tion that plicae increase the overall strength of a shell is by and

large valid, this does not necessarily imply that the risk of
breakage by forces acting on the shell during life is ever re-
duced by the development of plicac. A non-plicate shell may
be quite adequate to withstand the forces. This certainly
seems to be the case for the force generated in swimming (see
above) for there exist actively swimming non-plicate pectinids
of quite average shell thickness and convexity (e. g. Placopec-
ten magellanicus [see STANLEY, 1970]) in which thereisno evi-
dence of shell breakage during swimming. It also seems likely
that all but the thinnest-shelled of scallops could withstand
wave-generated forces up to the greatest magnitudes typically
encountered, without the additional strength provided by
plicae (cf. VErriLL, 1897). Stantey (1970) has shown that a
non-plicate shell of comparable thickness to that of an average
scallop, if of somewhat greater convexity (that of Mytilus
edulis), is strong enough to withstand wave forces of a mag-
nitude far greater than any likely to be experienced by the maj-
ority of scallops (those developed on an exposed inter-tidial
zone—most scallops are unable to colonise the inter-tidal zone
because therr permanent gapes do not allow retention of water
[to prevent tissue dehydration] between high tides). Itis how-
ever probable that a non-plicate scallop shell of average thick-
ness and convexity would be in great danger of being broken
by predator-generated forces (as suggested originally by Ver.
Rit1, 1897). Extra-orally feeding starfish, which are certainly
a major enemy of scallops in temperate waters at the present
time (Mrnbcor and Bourye, 196+4; FEper, 1970; Broon, 1975),
are known to be capable of generaung forces up 0 5.5 kg
(Froer and CHRISTENSEN, 1966) in their efforts to pull bivalves
apart (in order to facilitate entry of the stomach) and CARTER
(1968) reports shell breakage in the genus Venerupis (thicker
and more inflated than typical scallops) as the result of at-
tempted starfish predation. G. J. Vermey (pers. comm., 1978)
reports that extra-orally feeding starfish are rare in the tropics
and therefore may not constitute a serious threat in these re-
gions. He adds however thatdurophagous teleosts are amajor
enemy of scallops in the tropics and such fish, which are capa-
ble of biting off chunks of coral (StanLey, 1970) would surely
be able to crush non-plicate scallops of average thickness and
convexity. Of the other animals which are known to be
enemies of scallops at the present time (intra-orally feeding
starfish [Bru~, 1972]; plaice and cod [Mepcor and Bougrne,
1964]; herring gulls [Gutserr, 1931]; sea anemones, oc-
topods and crabs [Broom, 1975]) it seems very likely that oc-
topods and crabs would also be able to crush non-plicate scal-
lops of thickness and convexity equivalent to plicate forms.

Although it seems likely that plicae would be of benefittoa
scallop of average thickness and convexity as far as passive re-
sistance to attempted predation is concerned they would be
disadvantageous (increasing drag) as far as the actual evasion
of predators by swimming is concerned. (The use of the
swimming response as a means of escape from predators is a
well documented phenomenon [e. g. THoMAs and GruryDD,
1976].) 1t is possible to imagine that a smooth shell might in
fact be just as good an adaptation towards predators as a
strongly plicate shell because of its greater suitability for
swimming. The abandonment of plication and the develop-
ment of internal costae (which must surely strengthen the
shell, albeit at somewhat greater material cost than plicae) in
certain genera of scallops (e. g. Amusiem) would seem to rep-
resent an attempt to gain the best of both worlds.



Propeamussinm also possesses internal costae and lacks plicae.
However in this case plicae may be absent for constructional rather
than functional reasons. WALLER (1972a) is of the opinion that
plicae could not be developed in ashell, such as that of Propeans-
siem, with an outer prismatic layer in one or both valves.

The development of layers of divaricate fibres (which in
conjunction with the usual layers of radially arranged foliac
must produce a relatively strong structure by analogy with
plywood) in the shells of certain non-plicate Entolinm and
Camptonectes species might also represent an attempt to
facilitate a ‘siege’ policy towards predators without at the
same time impairing a ‘fugitive’ policy.

It has been suggested that plicae might be beneficial for re-
sisting attempted predation in ways other than by increasing
shell strength. Reir (1978) has suggested that by interlocking
at the commissure plicae might prevent lateral twisting of the
valves by starfish. Quite apart from the fact that there is no
evidence that starfish ever attempt to twist the valves apart to
gain access to the soft parts (the only technique recorded be-
ing a simple pull against the action of the adductor [Feprr and
CHRISTENSEN, 1966]) 1t must be doubted whether the long
outer ligament of scallops would not perform this task quite
adequately and thus obviate any need for further adaptation

of the shell.

It should be noted that the scallop adductor is able to resist an
opening force applied by a starfish for long periods (author’s ob-
servations) so provided that the period of time which a starfish will
devote to an attempt to open a scallop is sometimes less than the
length of time for which the adductor can offer resistance (a not un-
reasonable assumption [cf. BURNETT, 1960]) increased shell
strength will undoubtedly be beneficial in the context of this form
of predation (as suggested on p. 20).

CarTER (1968) has suggested that in the case of a failure to
open the valves widely an undulating shell margin (as is asso-
clated with plication) might serve to prevent introduction
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of more than a small part of astarfish’s stomach into a bivalve.
As STANLEY (1970) has pointed out, the stomach of a starfish is
so flexible that it is in fact very unlikely that its introduction
would be severely hampered by an undulating shell margin.

One further way in which it has been suggested that plicae
might be beneficial to a scallop is through their enlarging ef-
fecton the area of mantle tissue and thus of respiratory surface
(WaLLER, 1969). It remains to be demonstrated whether a
larger respiratory surface is of any particular benefit to a scal-
lop.

To sum up the foregoing, in most of the ways suggested it is
unlikely that plicae would be an advantage for a scallop.
However, in the case of passive resistance to attempted preda-
tion it 1s quite likely that they would be of benefit to forms of
average thickness and convexity, so in accordance with the ap-
proach advocated on p. 19 the author has tended to disre-
gard the evidence of strong ornament in the form of radial
plicae in attempting to determine mode of life by means of
comparison with the paradigms.

Extra-orally feeding starfish, at least, have been in existence as long

as scallops (they are known from the U. Ordovician [VERMEI],

1977]) so the possession of plicae would seem always to have been

beneficial to torms of average thickness and convexity in a context

other than that of stability.

Corrugations increase the strength of a sheet of material by
increasing its moment of inertia (WAaINWRIGHT et al., 1976). It
can be seen from text fig. 8 (which shows moment of inertia
values [I50] for a range of sinusoidally corrugated sections of
arbitrary length 50 mm; the means by which 15, values were
derived is presented in Appendix II) that for a sheet of any
given thickness, corrugations of high amplitude and low
wavelength give the greater increase in strength and it can
therefore be inferred thart plicae of high amplitude and low
wavelength will be paradigmatic for passive resistance to at-
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Text fig. 8: Moment of inertia (I50) for a range of sinusoidally corrugated sections of length 50 mm (see
Appendix II). Surfaces of equal I5, would all slope generally towards the left and back if drawn in.
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tempted predation. It can also be seen from text fig. 8 that pli-
cal intercalation will increase strength (through shortening
wavelength) and will thus be of value as the animal grows and
the potential leverage which a predator can exert to break the
shell increases.

It should he noted that it is only the strength in bending which is
greater than that of a flat plate of equivalent thickness and then
only when bending 1s about the x—x axis of the corrugated section.
This is in fact the most likely situation in any form of predatory at-
tack on a plicate shell. It should be further noted that corrugations
also increase stiffness. This property may in fact be just as impor-
tant as strength in the context of resisting attempted predation by
animals, such as extra-orally feeding starfish, which attempt to pull
the valves apart rather than crush them.

It seems very likely that forms of continuous comarginal
ornament involving thickening of the shell (e. g. comarginal
lamellae) would result in an increase in overall strength and
thus be of benefit to ascallop of average thickness and convex-
ity in the context of passive resistance to attempted predation.

The evidence of such ornament as continuous comarginal
tamellac has therefore been played down, in the same way as
for radial plicae, in attempting to determine mode of life by
means of comparison with the paradigms.

In conjunction with some form of radial or divaricate or-
nament and against a background of appropriate ‘grain’ size,
discontinuous comarginal lamellae (and to a rather lesser ex-
tent continuous comarginal famellae) tend to camouflage a
shell somewhat to the human eye. It cannot yet be said
whether discontinuous comarginal lamellae actually camouf-
fage the shell to visual predators (and thus whether the de-
velopment of such ornament would be beneficial to a scallop
in the context of avoiding predation) so in attempting to de-
termine mode of hfe by means of comparison with the
paradigms the author has not disregarded the evidence of dis-
continuous comarginal ornament except where it is at odds
with the evidence of other aspects of morphology or with
ecology.

IT1. SYSTEMATIC PALAEOBIOLOGY OF THE ‘EUROPEAN
JURASSIC’ PECTINIDAE AND PROPEAMUSSIIDAE

FAMILIAL DIAGNOSES

WaLLER (1978) provides the lollowing tamilial diagnoses:

Propeamussiidae — ‘Byssate or free Pectinacea with outer,
simple-prismatic calcitic Javer on right valve present on main
portion of disk throughout ontogeny; crossed-lamellar
aragonite extending outside of palhal line, in some cases
nearly to distal margins, and commonly covering hinge plate.
Byssal notch without ctenolium even in early growth stages
(now known to be present in one species — T. R. Warter,
pers. comm. 1980). Mantle curtains commonly without guard
tentacles’.

Pectinidae — ‘Byssate, cemented., or unattached Pectinacea
with outer, simple-prismatic calcitic layer on right valve gen-
erally present only in early growth stages, rarely absent al-
together; crossed-lamellar aragonite restricted to area inside
of pallial line or absent. Byssal notch with ctenolium, at least
at early growth stage. Mantle curtains bearing guard tenta-
cles’.

Family PROPEAMUSSIIDAE Tucker ABBOTT 1954
Genus PROPEAMUSSIUM Dt GRFGORIO 1884

Type species. OD; Dr GreGoRrIO 1884, p. 1 Pecten (Prope-
amussium) Ceciliae D GREGORIO 1884, p. 1; Miocene, Sic-
ily.

AMENDED DIAGNOSIS

‘Small, thin, valves nearly equally convex; sculptured with
concentric lines, LV commonly with radial striae or riblets;
byssal notch moderately deep to slight; right anterior auricle
of some shells with radial riblets; interior with radial riblets
which usually extend to middle or to margin. L. Jur. - Rec.,
cosmop.” (HErTLEIN, 1969: N350).

Subgenus PROPEAMUSSIUM s. s.

(Synonyms etc. Propeamusinm Dakt 1886 [nom. van.]
Propreamusinm Jackson 1890 [nom. null.}
Paramusium Verrire 1897
Paramisssitm De GREGORIO 1898

[nom. null.]
Propeannessittm CossManN and PisARrRO
1906 [nom. null.]
Occultamussinm Koroskov 1937
Psendopallioriem Ovama 1944
Flavamussium Oyama 1951
Actinopecten BONARELLT 1951)

AMENDED DIAGNOSIS

‘Valves rather flattened, usually gaping along lateral mar-
gins; byssal notch slight; internal ribs extend about half way
(farther in some) to margin. L. Jur. — Rec., cosmop.” (HERT-
LEIN 1969: N350)

DISCUSSION

In the Jurassic P. (Propeamussium) can be divided into
three groups on the following basis:

1. 9-13 original internal costae terminating at approximately
7/8 H; dorsal margins of right valve extended slightly
beyond hinge-line.

(= P. (P.) pumilum).

2. 9-10 original internal costae terminating at approximately
7/8 H; dorsal margins of right valve extended into horn-
like processes.

(= P. (P.) laeviradiatum).

3. 7-9 original internal costae increasing in number by inter-

calation to 18, terminating at approximately 5/6 H; ap-



proximately straight dorsal margin in right valve.
(= P. (P.) nonarium).

Propeamussium (Propeamussinm) pumilum (Lamarck 1819)
Pl. [, Figs. 1-4, 7-9; text figs. 9-12.
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Synonymy
Pecten pumilus sp. nov; LAMARCK, p. 183.
Pecten incrustatus sp. nov; DEFRANCE, p. 253.
Pecten mtusradiatus sp. novi MUNSTER in KEFER-
STEIN, p. 574.
Pecten infusstriatus sp. nov; MUNSTER in DE La
BECHE, p. 386.
Pecten contrarius sp. nov; V. BUCH in DE La
BECHE, p. 412, 423.
Pecten personatus sp. nov; GOLDFUSS in ZIETEN,
p- 68, pl. 52, figs. 2a, 2b.
Pecten paradoxus sp. nov; MUNSTER in GOLDFUSS,
p. 74, pl. 99, figs. 4a~f.
Pecten personatus GOLDFUSS; GOLDFUSS, p. 75,
pl. 99, fig. 5.
Pecten personatus GOLDFUSS; V. BUCH, p. 101,
Pecten pumilus LAMARCK; D'ORBIGNY, p. 257.
Pecten incrustans DEFRANCE; BRONN, p. 213,
pl. 19, figs. 5a—c.
Pecten personatus GOLDEUSS; QUENSTEDT, p. 505,
pl. 40, fig. 39.
Pecten  personatus GOLDFUSS; MORRIS and
LYCETT, p. 11, pl. 1, figs. 17, 17a.
Pecten amalthei sp. nov; OPPEL, p. 77, pl. 4, fig. 9.
Pecten incrustatus DEFRANCE; OPPEL, p. 262.
Pecten prmilus LAMARCK; OPPEL, p. 419.
Pecten contrarius V. BUCH, QUENSTEDT, p. 258,
pl. 36, figs. 15-17.
Pecten undenarius sp. nov; QUENSTEDT, p. 321,
pl. 44, fig. 14.
Pecten personatus GOLDFUSS; QUENSTEDT, p. 337,
pl. 46, figs. 21-24.
Pecten pumilus LAMARCK; COQUAND, p. 64.
Pecten amalthens OPPEL; STOLICZKA, p. 198, pl. 6,
fig. 7.
Pecten pumiles LAMARCK; V. SEEBACH, p. 96.
Pecten pumilus LAMARCK; WAAGEN, p. 630.
Pecten Dumonrtiert sp. nov; JAUBERT, p. 234.
Pecten penninicus sp. nov; NEUMAYR, p. 375,
pl. 24, fig. 4.
Pecten pumilus LAMARCK; BRAUNS, p. 396.
Pecten pumilus LAMARCK; DUMORTIER, p. 195,
pl. 44, figs. 1-5.
Pecten Agathis sp. nov; GEMMELLARO, p. 107,
pl. 13, figs. 3, 4.
Pecten pumilus LAMARCK; TATE and BLAKE,
p. 364.
Pecten (Amussium) incrustatis DEFRANCE;
GEMMELLARO, pp. 163, 352.
Pecten pumilus var. ergolus var. nov; DE GREG-
ORIO, p. 670, pl. 1, fig. 10.
Pecten  (Amussium)  paradoxus ~ MUNSTER;
BFHRENDSEN, p. 393.
Amusium  paradoxum (MUNSTER), MORICKE,
p. 38.
Pecten personatus GOLDFUSs; POMPECK], p. 779.
Pecten cf. contrarius v. Buct; POMPECK], p. 280.
Pecten personatus GOLDFUSS; GREPPIN, p. 128.
Pecten (Amusium) andium sp. nov; TORNQUIST,
p.31.
Pecten (Amusium) personatus GOLDFUSS; BURCK-
HARDT, p. 22, pl. 2, fig. 7.
Pecten pumilus LAMARCK; DENINGER, p. 453.
Amusinm pumilus (LAMARCK); LISSAJOUS, p. 363,
pl. 10, figs. 11, 12.

1912 Pecten (Varuamussuem) pumilus LAMARCK; DAL
Piaz, p. 246, pl. 1, fig. 14.
1916 Variamyssium pumilum (LAMARCK); PARIS and
RICHARDSON, p. 529.
1916 Pecten punulns LAMARCK; BORISSIAK  and
[VANOEF, p. 50, pl. 3, figs. 17, 18.
1920 Pecten (Chlamys) Agathis GEMMELLARO; DARESTE
DF LA CHAVANNE, p. 51.
1923 Pecten (Amussium) personatus GOLDFUSS; JODOT,
p- 136, pl. 40, fig. 1a.
1923 Pecten (Variamussium) pumilus LAMARCK ; ERNST,
p.55.
1924 Pecten  (Variamussinm) personatus  GOLDFUSS;
HENNIG, p. 17, pl. 2, figs. 3-6.
1926 Variamussium pumilym (LAMARCK); STAESCHE,
p. 84.
1926 Chlamys amalthei (OPPEL); STAESCHE, p. 62.
1929 Pecten  (Amussium) pumilus LAMARCK; LAN
QUINE, p. 132, 188.
1936 Variamussinm pumilum (LAMARCK); COX, p. 19,
pl. 1, fig. 18.
1936 Variamussium  pumilus  (LAMARCK); DECHAS-
EAUX, p. 65.
non 1938 Variamussium pumilum (LAMARCK); WEIR, p. 50,
pl. 3, fig. 21.
1950 Variamussium pumilum (LAMARCK); CHANNON,
p. 248.
1965 Amussuum pumilum (LAMARCK); DAHM, p. 29.
1966 Variamussium pumilum (LAMARCK); BEHMEL and
GEYER, p. 28.
non 1973 Chlamys (Acquipecten) amalthea (OPPEL); LEN-
TINI, p. 27, pl. 15. fig. 9.
1974 Propeamussium (Parvamussiums) geelvinki sp.
nov; SKWARKO, p. 80, pl. 26, figs. 2, 3.
1977 Paramussium pumilys (LAMARCK); DiETL, pl. 2,
fig. 3.
1978 Parvamussium  pumilus  pumilus  (LAMARCK);
HOLDER, p. 4, pl. 5, fig. 6, text figs. 1-3.
1978 Parvamussium pumilus atlasense subsp. nov;
HOLDER, p. 7, pl. 1, figs. 1-5, text fig. 4.
1978 Parvamussium  personatum (GOLDFUSS); HOL-
DER, p. 9, pl. 1, figs. 6-9, pl. 2, figs. 14, pl. 4,
figs. 1-6, text figs. 1, 5, 7 (pars), 8.
21978 Parvamussinm  aff.  personatum (GOLDFUSS);
HOLDER, p. 20, pl. 5, figs. 14, text fig. 11.
? 1978 Parvamussium dumortieri sp. nov; HOLDER,
p-22,pl. 4, fig. 7.

Lectotype of Pecten pumilus Lamarck 1819,
p- 183 designated by HOLDER, 1978, p. 4, text
fig. 2a; MN unnumbered; H: 6.1, L: 5.5;
?Toarcian, Swabia (HoLDER, 1978); one of
five syntypes preserved in MN.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘P. testa minima, rotundata-ovata radiis 10 ad 12.°

2. AMENDED DIAGNOSIS

Distinguished from P. (P.) laeviradiatum by the larger
modal number of internal costae, relatively insignificant dor-
sal extension of the auricles beyond the hinge-line and by the
finer and more numerous costae on the left valve. Disting-
uished from P. (P.) nonarium by the lack of intercalary inter-
nal costae and by the termination of the internal costae some-
what closer to the ventral margin.
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Text fig. 9: Propeamussium (P.) pumilum — frequency distribu-
tion for number of internal costae.

3. AMENDED DESCRIPTION

Disc sub-ovate, higher than long at all sizes, maximum
height 42 mm (DumorTier, 1874). Umbonal angle very vari-
able (text fig. 10) increasing slightly during ontogeny. Disc
flanks low.

Equilateral, equivalve, low convexity.

Intersinal distance greater in left valve than right. Small
byssal notch becoming relatively smaller during ontogeny.

Auricles well demarcated from disc, moderate in size, an-
terior slightly larger than posterior. Dorsal margin of right
anterior auricle extended slightly beyond hinge line. Posterior
auricles meeting hinge line at an obtuse-right angle, anterior
auricles meeting hinge line at an acute-right angle. Anterior
auricle of right valve meeting disc at a right angle, other auri-
cles meeting disc at an acute angle.

Shell thin. Shell structure consisting of a maximum of 5
layers (Horper, 1978) with the fourth and fifth developed
only on the left valve. Innermost laver (layer 1) of comargi-
nally orientated crystallites overlying radially orientated crys-
tallites of layer 2, which is locally thickened to form radial
costae, 9-13 in number (text fig. 9), terminating at about 5/6
total height. Layer 3 of similar structure locally thickened to
form comarginal striac. Layers 4 and 5 composed of unor-
dered crystallites locally thickened to form a reticulate orna-
ment with intercalary striae, closer in layer 5.
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Text fig. 10:  Propeamussium (P.) pumilum — length/umbonal

angle.

4. DISCUSSION

Hoiper (1978) has recently located five syntypes of ‘P.’
prmilns Lamarck (MN) and shown them to be typical rep-
resentatives (with 11 internal costae) of the species with 9-13
internal costae described in section 3. ‘P.” paradoxus Mons-
TER is simply representative of the less common variants with
up to 13 internal costae. ‘P.” personatus GOLDFUSs was said to
include forms with up to 14 internal costae but since the type
material was destroyed in the 2nd. World War, this cannot be
confirmed. Hotper’s (1978) opinion that MONSTER’s species
(from the Toarcian) and Gorpruss’s species (from the Aal-
enian) can be distinguished by the lack of abyssal notch, equal-
ity of the auricles, lack of dorsal extension of the anterior auri-
cle of the right valve and perpendicular posterior margin of
the posterior auricle in the former species is not vindicated by
the original figures. Neither does there seem to be any mater-
1al evidence to support HOLDER’s claim amongst the generally
incompletely preserved syntypes of ‘P’ paradoxus (GPIB
611b, 611c; e. g. Pl 1, figs. 3, 9). HoLpir’s distinction of
Toarcian from Aalenian forms on the basis of UA (105°-120°
ct. 90°-100°) 1s invalid since StaEscHE (1926) cites a Toarcian
specimen with UA: 96°. On his own admission slight differ-
ences in shell structure may well be due to imperfect preserva-
tion.

The author has been unable to trace the original descrip-
tions of “P.” intusradiatus MONSTER, ‘P.” intusstriatis MUNs-
ter and ‘P.” contrarins v. Buct but Horper has figured one of
the syntypes (HM) ol the latter, showing it to be indisting-
uishable from Propeamussivm (P.) pumilum, and included the
others in synonymy with Lamarck’s and GoLpruss” species.
Weir's (1938) record of ‘Variamussinm’ prumilum 1s however
more reminiscent of Radulopecten vagans while Morris and
Lycrrr’s (1853) record of ‘Pecten’ personatus from the
Bathonian has been shown by Cox and Arkere (1948) to refer
probably to specimens of Campronectes.

The syntypes of ‘P’ amalthe: OreeL (BSPHG) are very
poorly preserved but one specimen (BSPHG AS VIII 166; PL.
1, Fig. 8) shows 10 clear internal costae which, combined
with the characteristic left valve exterior ornament, leaves lit-
tle doubt that it should be included in P. (P.) pumilum.
Storiczaa’s (1861) record of OpPEL’s species is almost cer-
tainly a misnomer for Chlamys (Ch.) textoria while LENTINIS
(1973) record resembles Ch. (Ch.) pollux. ‘P." Agathis Gewm-
MELLARO was said to be close to Oppr’s species and the de-
scription of asymetric right and left valve ornament confirms
the similarity.

‘P.” Dimortiert JAUBERT was erected without diagnosis for
an unfigured specimen from Var (Provence) designated as
‘P.’ personatus by DusmorTier. It was said to resemble the lat-
ter in its internal costation and seems likely to have been one
of the typically large specimens of P. (P.) pumilum fre-
quently recorded from Var. HoLper’s use of dumonrtieri fora
specimen (MHNL 9075) referred to ‘P.” pumilus by Dumor-
TirR (1874) must now be rejected as a secondary homonym in
Propeamussium. The specimen may however be worthy of a
specific distinction on account of its UA (more than 125°).

‘P.” penninicns Neumayr from the Oxfordian resembles P.

(P.) pumilum in apparently having 11 internal costae but dif-
fers in the unusually strong reticulate ornament on the left



valve. HoLper (1978), who has studied the types in Vienna,
considers however that this may be due to abraston and refers
another similar specimen from the same stage to ‘Parvams-
stum’ aff. personatum.

‘P. undenarins QUENSTEDT and P. (‘Pa’?) geelvink:
Skwarko with 11 and 12 internal ribs respectively show no
obvious differences from P. (P.) pumilum and while
‘P.” Paronae Dt GreGorio is only known from two speci-
mens, both less than 5 mm in height, there can be little doubt
as to the affinities of the species. ‘Pu.” sp. Hotprr is only dis-
tinguished by its low UA (90°) which by the evidence of the

figure seems to be the result of abrasion.

‘P." (‘Amusium’) andizm TOorRNQUIST was based on speci-
mens collected and referred to ‘P.” punulns by Gorrschs
(1878) which were said to differ from the latter species by the
lack of radial ornament. It seems highly likely that they were
merely the right valves of P. (P.) pumilium.

Mention of 11 internal costae in the original description of
‘P.” incrustatis DEFRANCE strongly suggests that the species is
synonymous with P. (P.) pumilum.

5. STRATIGRAPHIC RANGE

P. (P.) pumilum is recorded from the U. Pliensbachian ol
England (BM L94170-3, SM J42033), France (LanQuine,
1929), Germany (Brauns, 1971; Orpee, 1853), Sialy (G
MELLARO, 1874), Algeria (Dareste pe 1a CHAVANNE, 1920),
Chile (Moricke, 189+4), and Spain (Bexuer and Gever, 1966).
The latter authors also record the species as occurring rarely in
the L. Pliensbachian but since there are no supporting fig-
ures, some doubt must remain. Other than in the U. Pliens-
bachian of E. Spain and Sicily, P. (P.) pumilim israre before
the Toarcian. The species is thereafter locally common unuil
the L. Bajocian but definite U. Bajocian records are com-
pletely lacking. Bathonian records are limited to Decraseaux
(1936), DeNiNgER (1907) and Dat Piaz (1912) but only the lat-
ter produces unequivocal evidence of a Bathonian specimen in
the form of a figure. GrerriN’s (1898) record from the ‘Grande
Oolithe’ of Switzerland was re-assigned to the Sauzei zone
(L. Bajocian) by StaescHE (1926) and Morris and Lycerr’s
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(1853) record from the Great Oolite was shown by Cox and
ARKELL (1948) to be unsupported by any material correspond-
ing to their description (see Section 4). It is clear that 2. (P.)
pumilum is a rare species after the L. Bajocian and occur-
rences after the Bathonian are limited to two equivocal speci-
mens from the Oxfordian of the Balkans (Neuaiayr, 1871) and
a further one from the same stage in Swabia (Hoineg, 1978).

6. GEOGRAPHIC RANGE

P.(P.) pumiliom 1s widespread in Europe (text fig. 11) and
on a world scale spans a palacolatidudinal range of about 40°
(text fig. 12). Although very cosmopolitan the species is not
known worldwide, contrary to the opinion of Staesche
(1926). There are notable absences in the L. Jurassic of
Australasia and western N. America despite the widespread
development of appropriate sedimentary facies (see Section 8)
in these regions. Yet, wherever P. (P.) promilim arose, migra-
tion must have occurred between Europe and S. America
during the L. Jurassic to explain the observed distribution but
the most obvious migration routes (via N. America/Arctic,
and via the W. Pacific) are precluded because of the lack of
fossil evidence en route. Harram (1973) considered that the
distribution of the aberrant pectinid Weyla, restricted to the
western margins of the Americas in the L. and M. Lias but
also occurring in the Ethiopian Province in the U. Lias, indi-
cated the development of a marine connection between
Argentina, Antarctica and S. America in the Toarcian. The
distribution of the ammonite Bouleiceras, restricted to the
Ethiopian Province and S. Americain the L. Toarcian (HiLLe-
BRANDT, [973) supports such a view and it seems also to pro-
vide a good explanation for the distribution of P. (P.)
pumilum. However, occurrences of the species in the M. Lias
of both Chile (Moricke, 1894) and Europe indicate that a
marine connection was established at least by the U. Pliens-
bachian while occurrences of Weyla in the Jamesoni zone of
Spain (Dusagr, 1925) indicate a seaway in the L. Plens-
bachian.

Damporenea and ManceNipo (1979) consider that the latter
occurrences in fact indicate the existence of a direct marine
connection (through central America) during the Lias.
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Text fig. 11: Propeamussium (P.) pumilion — European distribution.
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During the Bajocian P. (P.) pumilum extended its range
along the southern margins of Tethys but was still unable to
penetrate Asia or western N. America despite the undoubred
development of a marine connection between the latter and
Europe by this time (Hatram, 1975a). This strongly suggests
an ecological exclusion and the aviculopectinid Otapiria, re-

stricted to the Pacific region (Hatran, 1977) and occurring in
comparable facies, may have competitively restricted P. (P.)
pumilum.

The broad distribution of P. (P.) pusmilum provides some
support for the view (see Section 8) that the species may have
had a pseudo-planktonic mode of life.

Text fig. 12: Propeamussium (P.) pumilum - World distribution (Pliensbachian reconstruction).

7. DESCRIPTION OF ECOLOGY

P. (P.) puwmilum first occurs commonly in U. Pliens-
bachian marls in E. Spain and Sicily where it occurs with Li-
ma, Oxytoma and Placunopsis together with abundant
brachiopods, gastropods and cephalopods. It subsequently
becomes very abundant at certain horizons in the L. Toarcian
bituminous shales (Posidonienschiefer) of S. W. Germany,
notably above the Oberer Stein at Goppingen where it forms a
shell bed. The associated fauna is largely restricted to abun-
dant Bositra bronni and Psenudomytiloides dubius together
with ammonites and belemnites. The maximum height of
9.5 mm (GPIT) is less than in contemporaneous deposits in
N. Germany (StarscHi, 1926) while specimens from Var
(Provence) reach a height of 42 mm (DumorTirr, 1874).

The species is less common in the U. Toarcian but occurs in
the condensed sands and ironstones of Lower Saxony (ErnsT,
1923).

In the Opalinum zone (Aalenian) P. (P.) pumulum occurs
fairly commonly in the Northampton Sand Ironstone, a
chamosite oolite, in association with a diverse bivalve fauna
including Camptonectes (C.) auritus, Eopecten abjectus, En-
toliwm, Lima, Gervillia, Myophorella, Ceratomya and As-
tarte. Subsequently it occurs commonly in the Murchisonae
zone of S. Germany which is developed in the same facies.
Govpruss’ synonym has provided a name for one terrigenous
intercalation into the sequence ol Aalen (the Personaten-
sandstein) where P. (P.) pumilum crowds the bedding planes
to the virtual exclusion of other fossils. The maximum height
attained is 16 mm (GPIT).

In the Aalenian of the Cotswolds P. (P.) pumilum occurs
sporadically in all the oolitic horizons. In the Murchisonae

zone at Cornwell (Oxon.) it is found very abundantly in a low
diversity shell bed (Syvvester-BRADLEY, 1968). In the L. Bajo-
cian of the same region it locally forms shell beds in the Not-
grove Freestone.

P.(P.) pumiluim is not known to be common elsewhere and
1tis conspicuously rare in the deep water pelagic limestones of
the peri-Mediterranean region.

Itis clear from the foregoing that there is an inverse correla-
tion between the abundance of P. (P.) pumilum and the diver-
sity of the associated fauna. Itishowever found in a wide vari-
ety of sedimentary facies although P. (P.) laeviradiatum is a
rare associate. Most accumulations of P. (P.) pumilum con-
sist of disarticulated valves but the incidence of abrasion and
breakage is low enough to suggest minimal transport from the
life position.

8. INTERPRETATION OF ECOLOGY

P.(P.) pumilunt forms part of the faunal association which
characterises laminated bituminous shales (Harram, 1976)
and whose low diversity is thought to be indicative of
anaerobic or near-anaerobic conditions close to the sea floor.
The principle formation of this ty pe in which P. (P.) pumilum
occurs (the Posidonienschiefer) is dominated by the bivalves
Bositra and Pseudomytiloides together with ammonites and
belemnites. The last two were almost certainly planktonic and
thus independent of bottom conditions. Psexdomytiloides is
frequently found in large numbers around driftwood to
which Pentacrinus is also attached (Haurr, 1953) and it has
been suggested that the inoceramid gained independence of
the sea floor by adopting a byssate, pseudoplanktonic mode
of life. Floating seaweed is invoked as a substrate to explain



accumulations of Psendomytiloides in the absence of drift-
wood. A planktonic mode of life has also been suggested for
Bositra (Jerrerigs and MINTON, 1965) based largely on its in-
dependence of sedimentary facies and presence in areas where
benthos is sparse, such as euxinic black shales and deep water
pelagic limestones. Jerreries and MiNTON favour a genuinely
planktonic, rather than pseudoplanktonic, mode of life for
Bositra, owing to the lack of shell features indicative of byssal
attachment. The association of P. (P.) pumilum with this
supposedly planktonic fauna has led to a persistent belief
among German palaeontologists (dating back to Haurr, 1921)
that this species was likewise planktonic. Haurr considered
that P. (P.) pumilum was byssate and thus if epibenthic at the
mercy of fluctuating bottom conditions. He therefore con-
cluded that it must be pseudoplanktonic in the
Posidonienschiefer, ignoring the fact that byssate pectinids
may still unattach themselves and escape from locally un-
favourable bottom conditions by swimming. STAEscHE (1926)
also considered that the smaller size of specimens from the
Posidonienschiefer was a reflection of byssal attachment to
floating seaweed, with the implication that the byssus was only
strong enough to support small individuals. However, Recent
byssally suspended pectinids (e. g. Gloripallinum pallinm)

commonly reach a height of 60 mm (War1rr, 1972b) and it
seems much more likely that small size in the Posidonien-

schiefer was the result of oxygen deficiency, all the bivalves

being less than 30 mm in height. At present it cannot be

said whether low oxygen tension directly caused stunting or
simply led to high juvenile mortality.

A. SEiLACHER (pers. comm., 1977) reports that P. (P.)
pumilum has been found associated with driftwood but the
author’s field observations provide no confirmation of this.
More telling evidence against a pseudoplanktonic mode of life
is provided by the rarity of P. (P.) pumilum in the deep water
pelagic limestones in which Bositra is common. This is con-
trary to expectation for a pseudoplanktonic bivalve and it is
the author’s impression that unlike Bositra and Psexu-
domytiloides, P. (P.) pumilum does not occur uniformly
throughout the Posidonienschiefer but is concentrated at a
few levels, suggesting a dependence upon bottom conditions.
Harram (1976) has emphasised that truly anaerobic condi-
tions may only have existed within the sediment and that just
above the sediment/water interface there was occasionally
enough oxygen to support a eurytopic fauna. Indeed truly
epibenthic organisms (Pserdodiadema and rhynchonellid
and discinid  brachiopods) are known from the
Posidonienschiefer and Kaurraan (1978) has now made the
suggestion that even Bositra and Psexdomytiloides may have
lived on or only slightly above the sea floor.

There is no evidence for a pseudoplanktonic mode of life in
living Propeamussinm. Knupsen (1967) reports both pelagic
and benthonic organisms in the stomach contents of
P. sibogai and considers that the pelagic fraction was proba-
bly captured during swimming activity. Most of the known
species have been dredged from the sea bed in the bathyal and
abyssal zones and appear to have been free living rather than
byssate when adult (K~ubsen, 1967, 1970). WarLLer (1971)
reports no trace of a pedal retractor muscle scar in extant
species. The only Recent pectinid known to have a pseudo-
planktonic mode of life is Leptopecten latianritus monotimeris
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(see CLaRrk, 1971). It resembles P. (P.) pumilum 1in its small
size but differs in its strong prosogyrous inclination, a feature
considered to be characteristic of a loosely suspendes mode of
life (Kaurrman, 1969).

It may therefore be concluded from the foregoing that P.
(P.) pumilum was epibenthic and unattached for most of its
life and able to live on a wide variety of substrates under vari-
able conditions of oxygen tension and turbulence. Its particu-
lar abundance in association with low diversity faunas indi-
cates an opportunistic adaptive strategy (Levinton, 1970).
Mutual exclusion from P. (P.) laeviradiatum (see p. 31)
may have been due to competition.

The large size of specimens from Var compared to those
from more northerly palaeolatitudes may be the result of en-
hanced growth rates due to increased temperature, as has been
observed in Recent bivalve species on approaching the
equator (Nicor, 1967). Such an effect coupled with the pattern
of ontogenetic increase in the number of radial striae could ac-
count for the relatively coarse ornament in large specimens
from Morocco (HoLper, 1978).

9. FUNCTIONAL MORPHOLOGY

The small adult size, thin shell, low convexity, subdued or-
nament, ontogenetic decrease in the relative size of the byssal
notch and ontogenetic increase in the umbonal angle place P.
(P.) prumilum close to a paradigm for a short byssate juvenile
phase followed by a reclining/swimming phase in a low
energy environment. Such a mode of life is well in accord with
the palacoecology of the species in such deposits as the
Posidonienschiefer. The species appears to have been less well
adapted to the higher energy environments in which it occurs
(e. g. cross bedded oolites and sandstones) but was presuma-
bly able to survive frequent burial and disturbance by the
SWImming response.

10. ORIGINS AND EVOLUTION

If it is assumed (see p. 32) that P. (P.) laeviradiatum is
the descendant of P. (P.) pumilum (rather than vice versa)
then there remain no plausible ancestors for P. (P.) pumilum
in the Jurassic. The U. Palacozoic genus Pernopecten seems,
by the evidence of shell structure, to be the ultimate source of
Mesozoic Propeamussinm (WALLER, 1971).

There are no obvious phyletic trends in P. (P.) pumilum.
Specimens derived from the same limestone facies (to rule out
ecophenotypic variation) show a phyletic reduction in max-
imum height from 42 mm in the L. Toarcian (DuMORTIER,
1874) to 23 mm in the Aalenian (OUM J14491) to 18 mm in
the L. Bajocian (YM 502) but these specimens also lieona S-N
line (from respectively S. France to S. England to N. Eng-
land) so it is possible that a latitudinal temperature gradient
may be the causal factor (see Section 8). However, a phyletic
reduction in maximum height would be concordant with the
evidence from eurytopy and opportunism which indicates the
general prevalence of ‘r’ selection (Gourp, 1977).

No convincing deterministic explanation is available for the
post L. Bajocian decline of P. (P.) pumilum.



Propeamussinm (Propeamussium) laeviradiatum
(WaAGEN 1867)
Pl 1, Figs. 5, 6, 10, 12; text figs. 13-17

Synonymy
v 1867  Pecten laeviradiatus sp. nov.; WAAGEN, p. 633,
pl. 31, figs. 4a, 4b.
1883 Pecten cornuties QUENSTEDT; WHIDBORNE, p. 498,
pl. 16, figs. 1, 2, 2a (non QUENSTEDT sp).
1883 Pecten laeviradwatus WAAGEN; WHIDBORNE,
p. 500.
v 1883 Pecten fenestralis sp. nov.; WHIDBORNE, p. 500.
1886 Pecten (Amusinm) subpersonatus sp. nov.; VACEK,
p. 111, pl. 19, figs. 5, 6.
1886d  Pectenn Animensis sp. nov.; DF GREGORIO, p. 21,
pl. 13, figs. 8, 10-12, 16.
1893 Pecten (Amusium) subpersonatus VACEK; Bortro-
Micca, p. 174,
1898 Pecten dionvillensis sp. nov.; BENECKE, p. 25,
pl 1, fig. 4.
1916 Javiamussium  fenestrale  (WHIDBORNE); PARIS
and RICHARDSON, p. 528.
v 1916 Variamussium laevivadiatum (WAAGEN); PARIS
and RICHARDSON, p. 528, pl. 44, figs. la-c.
v 1926 Variamussium laevivadiatum (WAAGEN);
STAESCHE, p. 86, pl. 6, figs. 8,9.
1929 Pecten  (Amusium)  laeviradiatns  WAAGEN;
LANQUINE, p. 200.
2 1942 Pecten (Varamussinm) coloradoensis WEAVER;
LEANZA, p. 176, pl. 7, figs. 3, 5, pl. 10, fig. 3.
(?) 1959 Varamussium  habunokawense KIMURA; TAaM-
URA, p. 60, pl. 6, figs. 20-22.
(?) 1961 Propeamussium  babunokawensis  (KIMURA);
HavyAMI, p. 255.
? 1972 Parvamussium (Parvamussium) donaiense MAN-
suy; Havawmi, p. 197, pl. 34, figs. 11, 12,
pl. 38, figs. 6, 7.
1978 Varientolium  of.  laeviradiatum  (WAAGEN);

HOLDER, p. 23, text fig. 10d, pl. 3, fig. 6.

Lectotype of Pecten laeviradiatus WAaaceN
1867, p. 633, pl. 31, figs. 4a, 4b designared
herein; BSPHG AS XNII 29; PL. 1, Fig. 5
herein; Bajocian, ‘Sowerbyi” zone (Discites-
Laeviuscula zones); Gingen, Wirttemberg.
Paralectotypes; the 3 other syntypes
(BSPHG); also ‘Sowerbyi’ zone, Gingen.

I. ORIGINAL DIAGNOSIS AND DESCRIPTION

JFlachgewdlbte Schalen, beide Klappen gleich, auf denen
vom Wirbel sieben scharfe mit senkrechten Seiten abfallende
Rippen ausstrahlen. In gewissen Entfernungen vom Wirbel
setzen sich anfangs haarfein, dann stirker werdend, genau die
Mitte zwischen den vorhergehenden haltend, neue Rippen
ein, und so mehrmals, so dafl man am Rande 30 und mehr
Strahlenrippen zihlen kann. Diese Rippen haben auf threm
Riicken eine von Kanten begrenzte ebene Fliche, die voll-
kommen glatt, ohne eine Spur von Anwachsstreifen ist. Auf
den ganz flachen Zwischenriumen aber bemerkt man dufierst
feine concentrische Anwachsstreifen. Der Steinkern ist
durchaus glatt.

Nicht selten und sehr bezeichnend fiir die Zone des Amm.
Sowerbyi von Pommer (Franken), Gingen (Wiirttemberg),
Aseclfingen (Baden), Betzenau und Schambelen (Canton Aar-
gau).

Scheint im Pariser, Nordenglischen und Norddeutschen
Becken zu fehlen.

2. AMENDED DIAGNOSIS

Distinguished from all other species of P. (Propeamus-
sium) by the horn-like dorsal extensions of the right valve au-
ricles and by the generally coarser ornament.
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Text fig. 13: Propeamussuum (P.) laeviradiatum — height of anter-
ior auricle dorsal of hinge line/height.
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3. AMENDED DESCRIPTION

Essentially similar to P. (P.) pumilum but differing by the
diagnostic horn-like auricles (Pl. 1, Fig. 12) which increase in
height from about 3 mm (H: 10) to 6 mm (H: 28), maximum
6.5 mm (text fig. 13). Also differing in the tendency to de-
velop a sub-orbicular disc (text fig. 15) near the maximum
height of 30 mm (BM L42019), in the shightly smaller mean
L/UA (text fig. 16), in the smaller modal number of internal
costae (9, range 9-10) and in the less numerous radial costae
on the left valve (13-27 at H: 10, increasing by intercalation to
a maximum of 37 at H: 30 [text fig. 14]) which sometimes
form a reticulate pattern with the comarginal striae (PL. 1,
Fig. 6). The shell is somewhat more robust than that of P. (P.)
pumilum but sill fairly thin.

4. DISCUSSION

The earliest available name for the species described in Sec-
tion 3 is ‘Pecten’ laeviradiatus Waacen. Although the four
syntypes (BSPHG), all left valves, are seen only from the ex-
terior there can be no doubt that they possess the internal cos-
tae of the species described above; external costation and met-
ric proportions (1) are within the range of the latter. A lec-
totype (BSPHG AS XXII 29; Pl. 1, Fig. 5) is herein desig-
nated.

WHinsornE (1883) thought that the smooth right valves of
Propeamussium (P.) laeviradiatum belonged to a separate
species and referred them to ‘Pecter’ cornutus (QUENSTEDT
(1858). It was the present author’s previous opinion (JOHN-
soN, 1980) that the single known type of QUENSTEDT’s species
(from the Oxfordian) is in fact a late representative of P. (P.)
laeviradiatum. However, re-examination of the specimen
(GPIT 4-74-10; PL. 1, Fig. [1) has failed to confirm the exis-
tence of the internal costae previously thought to have been
present and while metric proportions (2) are largely indisting-
uishable from P. (P.) laeviradiatum it now seems likely that
the specimen is an example of Entolinm. Nevertheless other
specimens with internal costae and left valve ornament identi-
cal to that of P. (P.) lueviradiatum are known from the U.
Jurassic. ‘Variamussium’ habunokawense Kimura; TaMura
from the U. Jurassic of Japan seems indistinguishable from
P. (P.) laeviradiatim but since the stratigraphic horizon (cf.
Section 5) is so high and it is not yet clear whether the charac-
teristic dorsally extended right valve auricles of P. (P.)
laeviradiatm are present it is perhaps unwise to assume that
this form is conspecific. Kimura’s original description has
proved impossible to trace.

‘P.’ fenestralis WHIDBORNE was separated from ‘P.°
laeviradiatus on the basis of strong comarginal ornament on
the left valve and alarger number of internal costae. However
WAAGEN’s original description in fact specifies comarginal or-
nament. Museum specimens show a variable development of
this fearure (Pl. 1, Figs. 5, 6) and it seems likely, as indeed
WHiDBORNE suggested, that this is due to differing amounts of
post-mortem abrasion. WHinsorNE’s figured specimen of ‘P.’
fenestralis (SM J4758) is seen only from the exterior and there
is no other appropriately preserved material to evidence
WHIDBORNE’s claim of up to 12 internal costae in this species.
‘P.” fenestralis is also inseparable by its metric proportions

(3).
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Text fig. 15:  Propeamussium (P.) laeviradiatum — height/length.

P (‘Amusium’) subpersonatus Vacex was said to possess
only 7 internal costae. However, these could only be seen
through the right valve and so the number may be an under-
estimate. The left valve exterior ornament is identical to that in
Propeamussium (P.) laeviradiatum. Dorsally extended auri-
cles are absentin the figured specimen but this is clearly due to
breakage.

‘P.> Animensis De GreGOriO was erected for specimens
which Vacek referred to “P.” (‘Amusizn’) subpersonatus but
of which only the exterior of the left valve was visible. The or-
nament is however identical to that of P. (P.) laeviradiatum.
Similarly, ‘P.” dionvillensis BENECKE can be assigned to the
latter species even though only the exterior of the left valve is
figured.

1t has been impossible to trace the original description of
‘P> (‘Variamussium’) coloradoensis Weavir but Lranza’s
(1942) description of the latter, specifying 13-19 external cos-
tae increasing by intercalation and an umbonal angle of
105-115°%, is indistinguishable from P. (P.) laeviradiatum.
However, the figures do not reveal any sign of the horn-like
auricles and this fact together with the anomalously early
stratigraphic horizon (Oxynotum zone) casts doubt on the af-
finity of ‘2.’ (‘V.’) coloradoensis with P. (P.) laeviradiatum.
The original description of ‘Parvamussium’ (‘Pa.’) donaiense
Mansuy is also untraceable. Havamr’s (1972) description of
the species from the Toarcian of Vietnam specifies that the
only difference from P. (P.) laeviradiatim is the presence of
fewer (7 or 8) internal costae. In the absence of sufficient mat-
erial to make an adequate assessment of variation in this
character it is impossible to judge whether such forms should
be accorded specific status. They may merely be geographic
variants.

5. STRATIGRAPHIC RANGE

Apart from a dubious record from the Sinemurian (see Sec-
tion 4), the earliest record of P. (P.) laeviradiatim is a single
specimen (BM LL1579) from the U. Pliensbachian of Vieux-
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Text fig. 16:  Propeamussium (P.) laeviradiatum - length/umbonal angle.

pont (Normandy). Only one museum specimen (BM un-
numbered, from Beaminster, Dorset) is known from the
Toarcian but WHiDBORNE (1883) records the species from the
U. Toarcian of Yeovil, Somerset where the appropriate facies
(see Section 8) are well developed. Havami (1972) records a
closely related, if not conspecific form (see Section 4), from
the Toarcian of Vietnam.

P. (P.) laeviradiatum is locally common in the Aalenian
and in the Bajocian until the Laeviuscula zone (L. Bajocian).
There are no records from the U. Bajocian and Bathonian rec-
ords are limited to 3 specimens (BM 1.97035-7) from Stroud,
Gloucestershire whose HAAD/H (4) is inseparable from P.
(P.) lacviradiatum, but whose high L/UA may imply a
specific distinction. Specimens from Japan referred to by
Tamura (1959) and Havam (1961) may constitute records
from the U. Jurassic (see Section 4).

6. GEOGRAPHIC RANGE

P.(P.) lacviradiatum occurs sporadically over a large part
of the European region (text fig. 17). Its distribution is almost
certainly related to the localised development of appropriate
sedimentary facies (see Section 8). Material from Argentina
(LEanza 1942), Vietnam (Havami 1972) and Japan (Tamura
1959, Havami 1961) may evince an extra-European distribu-
ton (see Section 4).

7. DESCRIPTION OF ECOLOGY

In Europe P. (P.) laeviradiatum first occurs commonly in
condensed sandy limestones of the Opalinum zone in Dorset,
where it attains a maximum height of 30 mm (BM L42019).
The associated benthic fauna is dominated by the bivalves
Psendopecten (Echinopecten) barbatus, Eopecten, Ctenos-
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Text fig. 17: Propeamussium (P.) laeviradiatum - European distribution.



treon, Neocrassina and Placunopsis and the gastropod
Pseudomelania together with abundant brachiopods of the
form genera ‘Rhynchonella’, ‘Terebratula’ and ‘Zeillerua’. P.
(P.) laeviradiatum also occurs in a similar sedimentary and
faunal association, albeit somewhat less commonly, in the
Murchisonae and Concavum zones of S. England. Itis, how-
ever, absent from the Northampton Sand Ironstone
(Opalinum zone) where P. (P.) pumilum and Entolium (E.)

CO?’IZGOII("? are common.

P. (P.) laeviradiatum is recorded commonly with Ps. (Ec.)
barbatus in the Aalenian sandy limestones of Provence (Lan
QUINE, 1929) but is absent from the Aalenian of S. Germany
where the stage 1s developed in sands and shales overlain by
chamositic ironstones containing abundant P. (P.) pumilum
and E. (E.) corneolum. However, in the L. Bajocian of
S. Germany P. (P.) laeviradiatum is found commonly in the
Sowerbyi-Banke (Discites and Laeviuscula zones) where it
reaches a maximum height of 22.5 mm (GPIT). The sedi-
ments are condensed marly oolites containing a diverse
bivalve fauna but few ammonites. In limonitic sandy lime-
stones of equivalent age in the Bristol district P. (P.)
laeviradiatum is also common in association with an abun-
dant and diverse fauna of ammonites, bivalves and
brachiopods.

The only records from the peri-Mediterranean region are
from Provence (see above) and the Aalenian of the [talian Alps
(Botto-Micca, 1893; De Grecorio, 1886d; Vacek, 1886)
where the sediments are condensed limestones, probably
formed on a submarine rise. The associated fauna consists of
abundant ammonites and brachiopods, small gastropods and
more rarely the bivalves Ps. (Ec.) barbatus, E. (E.) corneolum
and Lopecten.

8. INTERPRETATION OF ECOLOGY

The coarse — grained condensed deposits in which P. (P.)
laeviradiatum occurs most commonly are indicative of high
energy conditions with a low sediment input. The occasional
presence of locally derived conglomerates (e. g. Opalinum
zone in Dorset) indicates active erosion while limonitic over-
growths suggest periods of non-deposition. The fauna as-
sociated with P. (P.) laeviradiatum exhibits a range of adap-
tations for achieving stability in high energy conditions. Ps.
(Ec.) barbatus possesses a strongly spinose right valve which
probably served to grip the sediment and prevent current
scour (see p. 83). Eopecten has an exceptionally deep byssal
notch which indicates that byssal fixation could have been
maintained throughout ontogeny. Ctenostreon has a thick
shell whose weight would have resisted overturning by cur-
rents. The terebratulid and rhynchonellid brachiopods were
all attached by means of a pedicle which probably performed
the same stabilising function as the byssus in Eopecten. Con-
trary to Rubwick’s (1970) opinion, THavEr (1975) has shown
that the pedicle attachment strengths of both terebratulid and
rhynchonellid brachiopods compare favourably with byssate
bivalves and are sufficient to anchor the animal in very high
energy environments. The paucity of infauna in deposits con-
taining P. (P.) laeviradiatum may be due to the difficulty of
avoiding exhumation by current scour.

=

31

P. (P.) laeviradiatum is rarely found with the closely re-
lated eurytopic species P. (P.) pumilum nor is the mor-
phologically similar pectinid Entolium (E.) corneolum a
common associate. However, both of the latter species occur
in condensed chamosite oolites whose depositional environ-
ment (high energy, low siliciclastic input) would appear to
have been ideal for P. (P.) laeviradiatum. The absence of P.
(P.) laeviradiatum from such facies is therefore strongly sug-
gestive of competitive exclusion by either or both of P. (P.)
pumilum and E. (E.) corneolum. This factor together with an
intolerance of high rates of sedimentation probably accounts
for the lack of P. (P.) laeviradiatum inS. Germany before the
Bajocian. The rarity of the species in the peri-Mediterranean
region 1s clearly due to the widespread development of low
energy, pelagic limestone facies.

Most modern species of the morphologically similar genus
Amusium live in the deep sea (KNUDSEN, 1967) but at least two
(A. plenronectes and A. japonicumn) are known to migrate
into shallow water for the purpose of spawning (B. MorTon,
pers. comm. 1978).

Apart from the fact that it can recess into the sea bed
(B. MorTon, pers. comm., 1978) little is known of the reclin-
ing position of Amusinm. Further information relevant to P.
(P.) laeviradiatum may be gained through a comparison with
the ‘window pane oyster’ Placuna placenta which at least in
the form of the disc resembles P. (P.) laeviradiatum. PI.
placenta reclines at a slight angle to the sea bed with the dorsal
third of the shell covered by sediment (HorneLL, 1909). This
apparently serves to stabilise the shell against current action
and a similar reclining position can perhaps be envisaged for
P. (P.) laeviradiatum with the dorsally extended auricles ob-
viating any need for burial of the disc itself.

The usual occurrence of P. (P.) laeviradiatum in moderate

numbers with a high diversity fauna suggests that it was an
equilibrium species (Levinton, 1970).

9. FUNCTIONAL MORPHOLOGY

The following features of the disc are paradigmatic for a
bivalve reclining in a high energy environment:
. Large size
. Thick shell
. Strongly ornamented right valve
. Smooth left valve

(S I S N S I

. Low convexity

Ofthese, P. (P.) laeviradiatum exhibits only feature 5. The
ornamentation of the right and left valves is exactly opposite
to that of the paradigm. The fairly small adult size and thin
shell is much closer to a paradigm for reclining on soft sedi-
ment in a low energy environment. Since there is abundant
evidence (see Section 8) to show that P. (P.) laeviradiatum in
fact occupied high energy environments it can be said that the
species was poorly adapted to such situations. However, feat-
ures which are inadaptive (small size, thin shell, reduced or-
namentation) or of neutral significance (ontogenetic increase
in UA) for reclining become adaptive for swimming. It seems
probable therefore that P. (P.) laeviradiatum was able to re-
cover from periodic overturning by means of the swimming
response.
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The small initial size and subsequent negative allometric
growth of the byssal notch indicates only a brief byssate phase
early in ontogeny. However, additional stability for the shell
when adult may have been provided by burial of the elongate
auricles just beneath the sediment surface, as suggested in Sec-
tion 8. Most studied examples of slender, linear projections
from the bulk of a shell (e. g. the alae of Mucrospirifer [Rup-
wick, 1970]) have been interpreted in terms of a ‘snowshoe’
adaptation to life on a soft substrate. From the evidence al-
ready adduced from ecology this cannot be the case for P. (P.)
laeviradiatum. A more effective mode of stabilisation such as
the spines of Ps. (Ec.) barbatus was probably precluded by
the presence of a prismatic outer shell layer in the right valve
(herein presumed to exist by analogy with other asymetrically
ornamented members of the Propeamussiidae). WaLLER
(1972a) has demonstrated the difficulty of forming sharply
projecting ornament based on a prismatic microstructure.
This also explains the absence of plicac in P. (P.)
laeviradiatum. The internal costae of the species are almost
certainly a functional substitute (see Part II).

StarscHE (1926) speculated that the dorsally prolonged au-
ricles acted like the keel of aboatand provided stability during
swimming. To have been effective this would have required
the animal to swim with the plane of commissure vertical.
Since no extant pectinid is known to adopt this orientation
StarscHE’s hypothesis must be classed as doubtful.

10. ORIGINS AND EVOLUTION

Of known species the only likely ancestor for P. (P.)
laeviradiatum is P. (P.) pumilum. The lower density of ex-
ternal costae could be the result of heterochronic retardation
(caused by changes in the regulatory genome) of the rate of
costal intercalation in the latter species. The extended auricles
of P. (P.) lueviradiatum cannot be the result of heterochronic
alteration of the ontogeny of P. (P.) punulum since the
growth of the auricles in the latter species seems to be isomet-
ric. The development of extended auricles may therefore sig-
nify structural genome evolution. The smaller number of in-
ternal costae could represent nothing more than selection for
the lower end of the range (9-13) in P. (P.) prmiliom.

If P. (P.) laeviradiatum did indeed evolve from P. (P.)
pumilum we witness the evolution of a strongly ‘K’ selected
(stenotopic, equilibrium, moderate-sized) from a strongly ‘v’
selected  (eurytopic, opportunistic, usually small-sized)
species.

There is no evidence for any phyletic trends in morphology
within P. (P.) laeviradiatiem apart from a reduction in max-
imum height from the lowermost Aalenian (Hpmay: 30) to the
L. Bajocian (Hpay: 22.5).

If P. (P.) luevivadiatum became extinct after the Laevius-
cula zone (see Section 5) no explanation can be put forward
for its demise in terms of a loss of the appropriate sedimentary
facies. Apparently suitable condensed deposits occur widely
in the U. Bajocian of Europe.

Propeamussum (Propeamussitm) nonarium
(QueNsTEDT 1858)
PL. 1, Figs. 13, 14, ? Figs. 15, 16; text fig. 18

Synonymy

v ? 1855 Pecten loriertanus sp. nov; COTTEAU, p. 113,
1858 Pecten nonartus sp. nov; QUENSTEDT, p. 795,
pl. 98, fig. 4.
21871 Pecten penninicus sp. novi NFUMAYR, p. 375,
pl. 21, tig. 4.
1874 Pecten poecilographus sp. novi GEMMELLARO and
Di Brast, p. 130, pl. 4, figs. 13-16.
Pecten  poecilographus  GEMMELLARO and D1
BLAsI; BOEHM, p. 600, pl. 67, figs. 5, 6.
1893 Pecten (Amusium) Sokolow: sp. nov; RETOWSKI,
p. 284, pl. 14, figs. 24-26.
1893 Pecten (Amusuem) Pawlow: sp. nov; RETOWSKI,
p. 285, pl. 14, figs. 27a, 27b.
1897 Pecten Spendiarow: sp. novi ABEL, p. 352, text
figs. la, 1b.
1905  Pecten Spendiarow? ABEL; VFTTERS, p. 250.
pv? 1905 Pecten lorierianns COTTEAU; PERON, p. 234, pl. 10,
figb. 8, 9.
non 1917 Pecten  Sokolow: sp. novi BORIssiAK  and
IVANOFE, p. 46, pl. 2, figs. 10, 10a.

o

pv non 1883

~

o

v 1926 Variamussium nonarium (QUENSTEDT);
STAESCHF, p. 88, pl. 3, ligs. 9, 10.
21926 Tartamussium  quinquenarium sp. nov; BERCK-

HEMER in STAESCHE, p. 89, pl. 3, figs. 5, 6.

1964 Variamussium nonartum (QUENSTEDT); WELLN-
HOFER, p. 37, pl. 2, figs. 4-7.

1974 Propeamussium  (Propeamussum)

(QUENSTEDT); NITZOPOULOS, p. 46.

21978 Parvamussuon  aff.  personatum  (GOLDFUSS);
HOLDER, p. 20, pl. 5, figs. 1—4, text fig. 11.

nonarium

No trace of the type material of Pecten
nonarins QUENSTEDT 1858, p. 795, pl. 98,
fig. 4 has yet been found in the QUENSTEDT
Collection (GPIT). The figured specimen
was derived from the Malm € (L./M. Titho-
nian) of Soslingen (Swabia).

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

Nur den kleinen Pecten nonarius tab. 98, fig. 4+ mochieich
besonders hervorheben, wie undenarius pag. 321 und Con-
sorten zeigen die Steinkerne neun innere sehr dicke Haupt-
rippen. Bei groflen, wie unsere Figur, stellt sich an Rande
noch eine kurze Zwischenrippe ein. Im uebrigen lafle sich
nicht viel wahrnehmen, man sieht nur, daff die Schale Ohren
und feine Streifen hatte. Séslingen, Mihringen.

2. AMENDED DIAGNOSIS

Distinguished from all other Jurassic species of P. (Prop-
eamussiuni) by the intercalation of additional internal costae
and by the termination of the internal costae somewhat
farther from the ventral margin (at approx. 5/6 H).

3. AMENDED DESCRIPTION

Essentially similar to P. (P.) pumilum; differing by the
smaller size (H rarely more than 8 mm) and by the ornament.
Interior of valves ornamented with between 7 and 9 original
radial costae, supplemented by intercalary costae at larger



sizes but in neither case reaching the ventral margin (Pl. 1,
Fig. 14). Exterior of left valve ornamented by more numerous
original and intercalary costae, reaching the ventral margin
and crossed by comarginal striae to form a reticulate pattern
(PL. 1, Fig. 13). Right valve exterior ornamented with comar-
ginal striae.

4. DISCUSSION

‘Pecten’ lorierianus COTTEAU may constitute the first name
applied to the species described in Section 3. However, while
the syntypes (MNS B. 03985; Pl. 1, Figs. 15, 16) apparently
reveal traces of internal costae, of which some seem to be in-
tercalary, there are only 5 or 6 original internal costac and
some of the costae appear to reach the ventral margin. It seems
unwise therefore to adopt ‘P.” lorierianus as the senior
synonym. The next availahle name is ‘P.” nonarius QUENS
1epT. Although the tvpe material has not yet been found the
original description and figure leave no doubrt as to its idenu-

1y.

ABEL’s (1897) incomplete description of ‘P.” Spendiarow:
mentions intercalary internal costae but also specifies external
costae on the right valve, unlike P. (P.) nonarium. VFrrERs
(1905) re-examined ABEL’s topotype material and showed the
original description and figures to be composites built up
from a number of poorly preserved specimens. Unfortunate-
ly, he did little to clarify the nature of the ornament on the
right valve exterior. However, in other respects the revised
description matches that of P. (P.) nonarium and it may well
be that the uncertainty over the right valve exterior ornament
is due to preservation of AseL’s and VETTER's material as com-
posite moulds, a common occurrence in thin shelled species.

One of the figures of ‘P.” penninicns NEumavr from the
Oxfordian has the characteristic reticulate exterior ornament
of P. (P.) nonarimm, described by StaescuE (1926). NEUMAYR
referred this to the right valve in his diagnosis and considered
that the other figure, characterised solely by comarginal or-
nament, represented the left valve. HoLDER (1978) has re-ex-
amined NEUMAYR’s types in Vienna and suggested that both
may in fact be left valves which have been subjected to ditter-
ing amounts of abrasion. There is thus no reason to exclude
‘P. pennmicus from P. (P.) nonarim on the basis of the ex-
ternal ornament. Unfortunately the types are not large
enough to exhibit the diagnostic intercalary internal costae so
the possibility cannot be entirely excluded that they are very
late representatives of the externally similar species P. (P.)
pumilum; they apparently possess 11 original internal costae
as is common in the latter. Hoiper has figured a similar
specimen from the same horizon under Parvamussium aff.
personatum (GOLDFUSS), a junior synonym of P. (P.)
pumilum.

‘P.’ poecilographus GemmeLLArRO and D1 Brast may be a
large form of P. (P.) nonarium (H: 44). The figured speci-
mens are apparently steinkerns showing 10-12 original inter-
nal costae, with additional costae intercalated near the ventral
margin. However, the disparity in size of the auricles (AH:
11, PH: 5.5 at H: 44) probably serves to distinguish the
species. The internal ornament recognisable on specimens re-
ferred to ‘P.” poecilographus by Bornwm (1883) is too faint for
them to be regarded as conspecific with P. (P.) nonarim.
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Vartamussium’  qummqguenartsm  BERCKHEMER 1s  only
known from two poorly preserved steinkerns (Hqax: 28.6)
showing 5-6 original internal costae with 2-3 intercalary cos-
tae between each pair. Their overall shape is similar to P. (P.)
nonarium and they may therefore merely be large forms of
this species.

P’ (‘Amusiun?’) Pawlowi Retowskr is only known from
one imperfect specimen. The figure of this reveals 22 internal
costae of which about 10 seem to be ol intercalary origin. Itis
therefore very similar to P. (P.) nonarinm. ‘P.” (‘*Amusium’)
Sokolowi ReTowski was described as possessing 13-15 inter-
nal costal of which none were said to be intercalary. How-
ever, one of the original figures (pl. 14, fig. 26) is of a speci-
men with only 11 internal costae thus the species must be at
least close to P. (P.) nonarium. ‘P.’ Sokolowi Borissiak and
tvanorr (erected for a specimen referable to Radulopecten
fibrosus) 1s a junior primary homonym of ‘P.° (‘Am.’)
Sokolowi Retowskr and must therefore be rejected.

5. STRATIGRAPHIC RANGE

P. (P.) nonarium is first recorded in the (2U) Oxfordian of
S. Germany (StakscHE, 1926; Nitzorouros, 1974; PHOLDER,
1978) and ?S. Poland (Neumavr, 1871). StagscHE also records
the species in the Kimmeridgian of S. Germany and there are
questionable records from the E. Paris Basin (see Section 7).
Tithonian records are widespread and refer to numerous
specimens although there are no certain records from the
U. Tithonian. ‘Parvamussinm’ hinagense Tasura (1973) de-
scribed from Japan and Indonesia may represent the persis-
tence of P. (P.) nonarum into the L. Cretaceous.

6. GEOGRAPHIC RANGE

P. (P.) nonarirm is unknown outside the European region,
except possibly in the L. Cretaceous (see Section 5). Within
Europe (text. fig. 18) all records are limited to a narrow zone
corresponding to a palacolatitude of about 25°N. Occurr-
ences outside this zone are of questionable identity (see Sec-
tion 4).

7. DESCRIPTION OF ECOLOGY

Undoubted records of P. (P.) nonarium are limited to mic-
ritic or marly limestones containing a benthic fauna which is
usually low in diversity and density. The only exceptions to
this rule are specimens from reef-derived faunas in the Titho-
nian of Sicily which have been referred to ‘Pecten’ poecilo-
graphus GEMmrtLARO and D1 Brast. This can be construed as
further evidence for the view that the latter is not conspecific
with P. (P.) nonarium (see Section 4).

In marly limestones of the L. Tithonian klippes north of
Vienna P. (P.) nonarium occurs commonly in an otherwise
sparse fauna dominated by ammonites but also containing a
few terebratulid brachiopods and bivalves of the genera As-
tarte, ‘Ancella’, Corbis, Nucula, ‘Ostrea’ and Trigonia
(ABEL, 1897; VFTTERS, 1905). Micritic limestones of the same
age in S. Germany (Hangende Bankkalke) contain common
P. (P.) nonarium associated with a similar low diversity
benthos. In the M. Tithonian of the same area, the Neuburger
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Text fig. 18 Propeamussium (P.) nonarium — European distribution.
Bankkalke, a micritic lumestone, contains common P. (P.) soft substrates in a low energy environment. The small byssal
nonarem in association with ammonites and small specimens notch indicates only a brief byssate phase in the juvenile. The
of Entolurm (WELLNHOFFR, 1964). absence of information on the ontogeny of umbonal angle

Abundant but poorly preserved specimens exhibiting fine precludes any assessment of swimming ability although the

radial striae from the Calcaire a Astartes (L. Kimmeridgian) above features are certainly not inadaptive for swimming. tn-
of the E. Paris Basin (MNR) are probably mainly referable to

Radulopecten strictus (q. v.) but may also include a few ex-

ternal costation probably provided strength and stiffness for
the thin shell in defence against predatory attacks. Intercala-

amples of P. (P.) nonaruom. Specimens with the diagnostic in- tion of new costae would have maintained this function

tercalary internal costae have, however, yet to be discovered. against the detrimental effects of increased size and so repre-

sents a superior adaptation in comparison to the simple pat-

i , ) tern of costae exhibited by other Jurassic species of Pro-
8. INTERPRETATION OF ECOLOGY :

peanuussium.

The fine-grained sediments to which P. (P.) nonarim is
limited are indicative of very low environmental energy. The 10. ORIGINS AND EVOLUTION
sparseness of benthic fauna in such sediments suggests that
they formed an unfavourable soupy substrate. Entolium, the By its general morphological similarity the most likely an-
only common epibenthic clement apart from P. (P.) cestor for P. (P.) nonavium is P. (P.) purmulum. However,
nonarium, probably escaped sinking into the substrate by vir- there is an unexplained stratigraphic gap in the Callovian be-
tue of the snowshoe effect provided by the small, thin, discoid- tween respectively, the first and last appearances of these
al shell and by its probably considerable ability to swim. species.
Non-vagile byssate and cemented bivalves were probably also At comparable sizes P. (P.) nonarium appears to have rela-
restricted by the paucity of firm attachment sites. It is worth tively fewer costac on the exterior of the left valve than P. ()
noting that the specimens of ‘Ostrea’ are always found pumilum. Since the costae are continuously intercalated dur-
cemented to ammonites (VETTERS, 1905). ing the ontogeny of both species, trans-specific evolution may

P. (P.) nonariwm may have been limited to low energy en- have involved the heterochronic retardation of the rate of in-
vironments on account of its thin and probably weak shell. tercalation with respect to size. In contrast, the presence of in-
However, the very restricted geographic distribution of the ternal intercalary costae in P. (P.) nonarinm represents the
species cannot be explained simply on this basis. Apparently evolution of a new feature and implies some more profound
suitable fine-grained substrates in, for instance, the U. Juras- revolution in the genome. It represents, moreover, an im-
sic of S. Furope, went uncolonised. Bearing in mind the very provement in mechanical design (see Section 9) and this, to-
narrow latitudinal range of P. (P.) nonariiem itis possible that gether with a narrowing in the range of substrate tolerance
the species had a very precise temperature dependence. and retardation of “shape’ development, is strong evidence for

the prevalence of “K' selection (Gourp, 1977).
9. FUNCTIONAL MORPHOLOGY From the limited available data it is impossible to detect any

phvletic trends within P. (P.) nonarum.
Small size, low convexity, discoidal form and thin shell

place P. (P.) nonariwm close to a paradigm for reclining on



Famly PECTINIDAE RariNesout 1815
Genus ENTOLIUM Meex 1865

Type species. OD; Mrek 1865 p. 478; Pecten demmssus
Pruicies, “as illustrated by Quenstept, 1858, p. 353, pl. 48,
fig. 77, 1. e. Entolim denussim Mrex 1865 (see DUrr, 1978);
Aalenian, Germany.

AMENDED DIAGNOSIS

Byssal notch usually absent at all stages of development;
margins closed laterally; incised ligamental area usually pre-
sent and extending parallel to hinge line on cach side of inner
ligament pit; auricular crura present; outer shell layer partly
‘tibrous’, “fibres’ radial or divaricate. M. Tr.-U. Cret., cos-
mop.

DISCUSSION

HERTLEIN (1969: N346) considered a byssal notch to be
lacking in Entolium. There is, however, a small but quite
clearly developed notch in juveniles of Entolinm (E.) lunare
(see p. 38). By his statement "inner shell layer calcite, foliate;
outer layer radially fibrous” Herriein implies in his diagnosis
the existence of only 2 shell layers in Entolion. However, in
almost all known scallops, including the morphologically
very similar Amusinm (Tavior et al., 1969), there is a third
non-myostracal shell layer, composed of aragonite. In all but
the aberrant Propeamussiidae (see p. 22) this forms the
middle shell layer and a similar layer can de inferred in En-
tolm (see p. 36). The inner and outer shell layers of Re-
cent pectinids (sensu stricto) appear to be invariably com-
posed of foliated calcite (Tavior et al., 1969). However,
HrrrLEIN’s contention that Mesozoic Entolium has a fibrous
outer layeris given support by the author’s study of valve sur-
faces at low magnification (text fig. 27) although it would ap-
pear from specimens in various states of abrasion that only
one sub-layer within the outer shell layer is composed of
fibres. Indeed it is conceivable that the fibrous appearance
could be due to the assumption of a vertical orientation by
foliae. SEM study of fractured surfaces has not proved defini-
tive on this point but henceforth in this work shell structures
such as that depicted in text fig. 27 are termed fibrous in order
to distinguish them from the more usual foliated structure
consisting of sub-horizontal foliae. The mineralogy of the
outer shell layer in Entolium is unclear from Hertiein’s
statement but the preservation state of specimens examined
by the author suggests very strongly that it is calcitic, as is
usual in the pectinids (see above).

HrrrirIN’s statement that the fibres are radial must be
amended on the basis of results presented herein so as to in-
clude divaricate arrangements. Such arrangements are also
found in L. Jurassic Camptonectes (C.) subulatus (q. v.) thus
forms of the latter with shallow byssal notches closely resem-
ble contemporancous Entoliim (see p. 38). They may,
however, be distinguished in well preserved specimens by the
presence of divaricate striae on the shell surface (as against di-
varicate fibres within the shell of Entolinm), by the absence
of dorsally extended auricles on the right valve, by the per-
pendicular junction of the anterior auricle with the hinge line
on the left valve and by the marked auricular asymmetry in
both valves.
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Subgenus ENTOLIUM s.s.

(Synonyms etc. Protamusium VerriLL 1897
Protamussium Paris and RicHarDson 1916
[nom. null.]
Protomusium STEWART 1930 [nom. null.]
Entholium Tzankov and Boncev 1932
[nom. null.}
Etolinm McLearN 1949 [nom. null.})

AMENDED DIAGNOSIS

Auricles of right valve projecting above hinge, commonly
as angular wings; left valve smooth, right valve smooth or
with comarginal grooves. M. Trias. — U. Cret., cosmop.

DISCUSSION

Hertien (1969: N347) considered the valve bearing dor-
sally extended auricles in E. (Entolinm) to be the left. How-
ever, the fact that in E. (E.) lunare (see p. 38) a byssal notch
is found in the valve bearing dorsally extended auricles indi-
cates, by analogy with all other known pectinids, that this
valve is the right. Herteein thought that the outer surface of
the valves was always smooth in E. (Entolium). The right
valve of E. (E.) orbiculare (sce p. 57) exhibits, however,
quite strong comarginal grooves.

StagscHE (1926) attempted to subdivide the bulk ol Jurassic
E. (Entoluon) by the criterion of the presence or absence of
internal ridges extending from the umbonal region in a direc-
tion sub-parallel to the dorsal margins. Forms with such
ridges were said to posses umbonal angles of about 957 and
were referred to the ‘Gruppe des Entolinm angulatum’ while
forms without internal ridges were said to possess larger um-
bonal angles and were referred to the ‘Gruppe des Entolium
demissum’. Many subsequent authors have adopted
STAEsCHE’s criteria yet they almost certainly represent a spuri-
ous basis for the subdivision of the majority of Jurassic E.
(Entoluon). Staescrr himself figured (pl. 4, fig. 5) a speci-
men of the exemplary species of his second group which
shows, through the translucent shell, the internal ridges diag-
nostic of his first group. Moreover, the sole known type of
this species (YM 202) has an umbonal angle of barely 80°. In
fact umbonal angle increases through the ontogeny of virtu-
ally all Jurassic £. (Entolinm) from a value below 95° to a
value well above it, thus a single value cannot be diagnostic of
any subdivision of the group. Furthermore internal ridges
may be found in large specimens with correspondingly large
umbonal angles as well as in small specimens with umbonal
angles of about 95°. The author considers that in most cases
the development of internal ridges, far from being under
genetic control, 1s a result of diagenetic processes.

As StarscHE pointed out, the internal ridges correspond in
position to the margins of the relatively thick inner shell layer
(composed of foliated calcite). In all known true pectinids (see
above) this layer is surrounded in the internal surface by the
outcrop of the middle shell layer and pallial myostracum,
both of which are thin and composed ol relatively soluble
aragonite. In very many of those specimens of E. (Entolinm)
exhibiting internal ridges the upstanding feature appears to be
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nothing more than the edge of the mner shell layer, exagger-
ated by the loss of the immediately adjacent shell material.
This is most plausibly explained as the result of the preferen-
tial dissolution of aragonite during diagenesis. Such a process
could also account for the fact that in some specimens the
external surface of the shell displays ridges above the
edges of the inner shell layer (PL. [, Fig. 17). Although dis-
solution of aragonite would result in thinning of the shell in all
but the most marginal regions (whose thickness is entirely due
to the outer shell layer which is almost certainly composed of
calcite, see p. 35) the proportionate effect on thickness
would be greatest in the region immediately marginal to the
inner shell layer where the middle shell layer and pallial myos-
tracum constitute a relatively large part of the total thickness.
Thus, in shells affected by diagenetic loss of aragonite, one
might expect this region to be the locus of most compressive
deformation due to sediment compaction with the resultant
development of a ridge above the edges of the inner shell layer
in a manner analogous to the genesis of a fault scarp.

In the case of certain specimens (BSPHG 1957 Vi
1291-1293, 1824-1855) referred by WrLinHOFER (1964) to
Entolium cingulatum (Gorviuss) it does appear that internal
ridges were present when the animal was alive. The grooves
seen on internal moulds (cl. DL t, Fig. 21) seem too sharply
defined to have resulted from any diagenetic process of the
sort outlined above. The author prefers at present to reserve
judgement on the status of these specimens pending examina-
tion of further material (sec also p. 52).

For the remainder of Jurassic E. (Entoluom), to which
StarscHE’s scheme seems inapplicable, the only criteria by
which a reasonable subdivision can be made are the presence
or absence of a byssal notch and the presence or absence of
strong comarginal grooves on the right valve. The first distn-
guishes between E. (F.) lunarc and E. (E.) corneolum and the
second between E. (E.) orbiculare and both the latter species.
E. (E.) orbiculare and E. (E.) corneolum undoubtedley over-
lap in their stratigraphic ranges (see pp. 58, 52) and there
is a strong suggestion that the latter species overlaps with E.
(E.)lunare (see pp. 43, 52). There is thus no evidence that the
species form part of a phyletic continuum. Krrry (1977) states
that E. (E.) orbiculare may sometimes lack comarginal
grooves on the right valve but that samples of E. (Entolinm)
can be assigned unequivocally to E. (E.) orbiculare if a few
comarginally grooved right valves are present. This argument
ignores the quite reasonable possibility that £. (E.) orbiculare
may occur sympatrically with other E. (Entolium) species.
Thus in the absence of any other diagnostic featuresin E. (E.)
orbiculare the author can see no justification for not placing
smooth right valves occurring together with comarginally
grooved right valves in E. (E.) corncolum if (like all un-
doubted examples of E. (E.) orbiculare examined by the au-
thor) they lack abyssal notch orin E. (E.) lunare if (as KeLLy
states without pictorial evidence, may sometimes be the case
in E. (E.) orbiculare) they possess a byssal notch. There is a
pressing need for detailed study of undoubted (comarginally
grooved) right valves of E. (E.) orbiculare in order to isolate
{urther diagnostic features which could be used to cross-
check KeLiy’s statements concerning the range of variation in
the right valve.

At present there appears to be no completely sound basis
for distinguishing the left valves of any of the three species

discussed above. However, slight differences in mean metric
proportions (see pp. 38, 47, 57) and the relatively lim-
ited overlap of the known stratigraphic ranges of the species
(see pp. 43, 52, 58) do allow a reasonably confident
identification of some specimens.

A further species which may be referable to E. (Entolinm),
characterised by a slight byssal notch and very high HAAR/L
(see p. 43), appears to be quite common in the Tithonian of
S. Europe. However like a number of other distinctive
species from the latter stage and region (see p. 1) it is ex-
cluded from this work because of the paucity of museum
specimens and bibliographic references and because its origins
probably lie outside the pectinid fauna of the European Juras-
sIC.

There is some evidence from the literature (see p. 58) for
vet another E. (Entolinm) species, characterised by strong
comarginal ornament on both valves, in the M. Jurassic of
Europe. However, the author has failed to discover any
specimens which confirm the existence of this species.

The somewhat reduced mean H/UA of specimens with
smooth, unnotched right valves from M. Tithonian sands
near Oxford is not considered herein to merit a specific sep-
aration from E. (E.) corneolum since other metric propor-
tions are inseparable from the latter species and a number of
more parsimonious explanations, of which reduced growth
rate is the most plausible (see p. 55), are available.

Entoliwm (Entolium) lunare (Rormer 1839)
Pl 1, Figs. 17, 18, ? Fig. 23; text figs. 19-29.

Synonyvmy
? 1829 Pecten sp.s PHILLIPS, pl. 5, fig. L.
2 1833 Pecten glaber sp. nov; HEHL in v. ZIETEN, p. 69,

pl. 53, fig. 1 (non MONTAGU sp.).
1836 Pecten cornens J. SOWERBY. GOLDFUSS, p. 73,
pl. 98. fig. 11 (non J. SOWERBY sp.).
1839 Pecten lunaris sp. nov; ROEMER, p. 26.
1843 Pecten hasmns sp. nov: NYST, p. 299.
1850 Pecten Heblii sp. nov: D’ORBIGNY, v. 1, p. 219.
v 1850 Pecten disciformis SCHUBLER; D'ORBIGNY, v. I,
p- 237 (non SCHUBLER sp.)
Pecten Philenor sp. nov; D’ORBIGNY, v. 1, p. 238.
v 1850 Pecten Palacron sp. novi D’ORBIGNY, v. |,
p. 238, (Bourr, 1908, v. 3, p. 37, pl. 18, fig. 5,
non fig. 6).
v? 1850 Pecten Proeteus sp. nov; D’ORBIGNY, v. 1, p. 257.
(2) 1852 Pecten glaber HEHL; QUENSTEDT, p. 506
(non MONTAGU sp.).
1853 Pecten glaber & var. nov; OPPEL, p. 77
(non MONTAGU sp.).
1858 Pecter amatus sp. nov; ANDLER, p. 644.
(?) 1858 Pecten glaber HEHL; QUENSTEDT, p. 79
(non MONTAGU sp.).
21858 Pecten sepultus sp. nov; QUENSTEDT, p. 48, pl. 4,
figs. 10, 11.
1858 Pecten Hebli D’ORBIGNY; OPPFL, p. 103.
(?) 1858 Pecten Philenor D'ORBIGNY; OPPEL, p. 181.
(?) 1861 Pecten sepultus QUENSTEDT:  TRAUTSCHOLD,
p. 46,
1863 Pecten hasmns NYST; SCHLONBACH, p. 545.
1864 Pecten Hehlr D’ORBIGNY: DUMORTIER, p. 162,
pl 24, flg 16.
1866 Pecten demnssus PHILLIPS; LINDSTROM, p. 14, pl. 3,
figs. 9, 10 (non PHILLIPS sp.).
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1867

1868
2 1869

1869

1869
1871
1872
2 1875
1876

v 1878

s

1883

1884
1886

s

1886
? 1888

1891
? 1891
1892

(?) 1892

1894
1895

o

o

1895

1897
1903

~

1904
1909
1909
1912
1915
non 1916

1916

21916

RS

1917
1925
1925

() 1925
(?) 1925

v 1926

v? 1926

v 1926

v 1926

Pecten Hebli D’ORBIGNY; DUMORTIFR, p. 70,
pl. 12, figs. 5, 6.

Pecten liasinus NYST; [AUBERT, p. 234.

Pecten frontalis sp. nov; DUMORTIFR, p. 229,
pl. 37, tigs. 1, 2, pl. 38, fig. 1.
Pecten  Palaemon  D'ORBIGNY;
p. 304.

Pecten liasinus NYST; DUMORTIER, p. 306.

Pecten lynaris ROEMER; BRAUNS, p. 398.

Pecten liasinus NYST; TIETZE, p. 106.

Pecten demussaries sp. novi CROSS, p. 123.

Pecten Iumilaris ROEMER; TATE and BLAKE,
p. 361.

Camptonectes hasicus (NYST); Bavre, pl. 121,
fig. 2.

Pecten demissus PHILLIPS; LUNDGREN, p. 16,
pl. 2, fig. 12 (non PHILLIPS sp.).

Pecten lunnlaris ROEMER; SIMPSON, p. 172,
Pecten Heblu D’ORBIGNY; DI STEFANO, p. 135,
pl. 4, figs. 28-30.

Pecten Di-Blasii sp. nov; DI STFFANO, p. 157,
pl. 4, figs. 28, 29,

Pecten lyndgrent sp. nov; MOBERG, p. 35, pl. 1,
figs. 27-32.

Pecten Hehlr D’ORBIGNY; BEHRENDSEN, p. 392.
Pecten D Blasii D1 STEFANO; DI STEFANO, p. 61.
Pecten  (Pseudarmusium) Hehlii  D'ORBIGNY;
PARONA, p. 15.

Pecten  (Psewdamusum) frontalis DUMORTIER;
PARONA, p. 16.

Pecten Hebhli D’ORBIGNY; MORICKE, p. 37.
Pecten Stewartianus sp. nov; LUNDGREN, p. 198,
pl. 3. fig. 12.

Pecten callosis sp. nov; LUNDGREN, p. 200, pl. 3,
fig. 15.

Pecten liasinys NYST; POMPECK], pp. 773, 790, 820.
Pecten (Entolium) Hebli D'ORBIGNY; BISTRAM,
p- 38.

Chlamys (Psendamuyssum) Chartromt sp. nov;
COSSMANN, p. 504, pl. 16, figs. 11, 12.

Pecten (Entolinm) Hehli D’ORBIGNY; TRAUTH,
p- S8.

Pecten (Entolium) liasinus NYST; TRAUTH, p. 89.
Pecten Hehli D’ORBIGNY: TONI, p. 33.

Pecten (Entolium) Fraiponti sp. nov; ROLLIER,
p. 467, pl. 30, fig. 7.

Chlamys  (Pseudamisssium)  palaemon  (D’ORB-
IGNY); COSSMANN, p. 46, pl. 5, figs. 18-20.
Engolium  disciforme (SCHUBLER); COSSMANN,
p. 45, pl. 8, figs. 10, 11 (non SCHUBLER sp.).

DUMORTIER,

Pecten glaphyrus sp. nov; R. PHILIPPL in JAWORSKI,

p- 437.

Pecten vitreus ROEMER; BORISSIAK and IVANORE,
p- 8. pl. 1, fig. 4, (non figs. 1, 2, 12, 16).

Pecten (Entolium) Hehli D'ORBIGNY; DUBAR,
pp. 260, 266

Pecten liasinys NYST; DUBAR, p. 266.

Pecten frontalis DUMORTIER; DUBAR, p. 266.
Pecten (Psendamussium) Palaemon D'ORBIGNY;
DUBAR, p. 266.

Chlamys calva (GOLDFUSS); STAESCHE, p. 58,
pl. 2, figs. 11, 12, (non GOLDFUSS sp.).

Entolium Heblii (D’ORBIGNY); STAESCHE, p. 59,
pl. 2, figs. 13-15.

Chlamys Philenor (D"ORBIGNY); STAESCHE, p. 62,
pl. 1, figs. 16, 17.

Entolinm Proeteus (D'ORBIGNY); STAESCHE, p. 92,
pl. 6. figs. 3, 4.

Entolium lynare (ROEMER); STAESCHE, p. 96,
pl. 4, figs. 1, 2.

Entolium liasinym (NYST); STAESCHE, p. 97, pl. 6,
fig. 5.

(2) 1926
(2) 1929

1929
1932

(2) 1934
v 1936
(2) 1936
1936

v? 1936
(2) 1942
1942

1951
1951

1951

1961
1963
(?) 1965
1966

1966
1966a
1966
1967
1971
? 1971
1973

2 1978
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Entolinm frontalis (DUMORTIFR); ROMAN, p. 113,
Pecten (Amussiiom) Palaemon 12ORBIGNY; LAN
QUINE, pp. 132, 189

Pecten (Entolium) Hehli D’ORBIGNY ; LANQUINE,
p. 132.

Pecten (Entholium) hasinum NYST; TZANKOV and
BONCEYV, p. 230.

Entolism frontale (DUMORTIFR): ROSFNKRANTZ,
p. 113,

Entoluum Heblt  (D’OKBIGNY); DFCHASEALX,
p. 60, pl. 8, figs. 10, 11.

Entolium frontalis (DUMORTIER); DECHASEAUX,
@ 62

Entolium Fraiponti (ROLLIER); DECHASEAUX,
p. 62.

Chlamys philenor (D’ORBIGNY): KUHN, p. 247,
pl. 12, fig. 29.

Pseudentolinm  frontale (DUMORTIER); ROSEN
KRANTZ, p. 25.

Pecten (Entolusm) cf. Hehlr ’ORBIGNY; LEANZA,
p- 175, pl. 9, fig. 4.

Entolium hehli D'ORBIGNY; TROEDSSON, p. 216.
Entolium  calviem  (GOLDFUSS);  TROEDSSON,
p- 217, pl. 20, figs. 9-13 (non GOLDFUSS sp.).
Entolitm lundgreni (MOBFRG); TROEDSSON,
p. 218, pl. 20, figs. +-8.

Entolium of. lunare (ROFMFR); HAYAMI, p. 255.
Entoluym lunare (ROEMER); HALLAM, p. 561.
Pecten frontalis DUMORTIER; DAHM. pp. 27, 28.
Entolinm  protens (D'ORBIGNY); BEHMEL and
GEYER, p. 28.

Entolusm hunare (ROEMER); URIICHS, p. 31.
Entoluom hasmum (NYST); C. PAIMER, p. 67.
Entolwsm Hastnum (NYST): C. PAIMFR, p. 72.
Entolum liasinum (NYST); BERRIDGF and IVIMFY
COOR, p. 160.

Entoluem liasinum (NYST); HALLAM, pp. 244, 245.
Entoluom proetens (D'ORBIGNY); WENDT, p. 156.
Entolium (Entolium) Hebli (D’ORBIGNY); LIN-
TINI, p. 23, pl. 14, fig. 7.

Entolinm sp. A; DUFF, p. 64, pl. 5, figs. 7-10,
126 13 17,

The type material (possibly only one speci-
men) of Pecten lunaris Roemik 1839, p. 26 is
probably in the Roemer-Prr1zaFUs-Museum,
Hildesheim, W. Germany. Roemer cites the
following dimensions: ‘Diameter’: 3.5 inches
(88 mm), UA: 150. The material was
collected near Ocker (N. Germany), accord-
ing to Brauns (1871) from sediments of the
Planorbis zone.

1. ORIGINAL DIAGNOSIS AND DFSCRIPTION

‘P. (Plenronectes) testa plana orbiculari concentrice sub-

striata, angulo marginum cardinalium obtusissimo.

Es gehort diese Form zu den Pleuronectiden. Die Schalen
sind sehr flach gewolbt, zirkelrund, nur undeutlich concen-

trisch gestreift und ziemlich dick. Die Schlofkantenwinkel

betrigt etwa 150 Grad.

Findet sich im unteren Lias des Adenberges bei Ocker und
hat einen Durchmesser von 3"/, Zoll.*

2. AMENDED DIAGNOSIS

Distinguished from E. (E.) corneolum by the presence of a
small byssal notch in the juvenile and from E. (E.) orbiculare
by the smooth right valve.
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Text fig. 19: Entolum (E.) lunare — height/length.
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Text fig. 20:  Entoluwm (E.) lunare — separation of auricular apices/length.

3. AMENDED DESCRIPTION

Disc sub-ovate, higher than long early in ontogeny, be-
coming longer than high (text fig. 19). Maximum height
probably 116 mm (BM 46444) but possibly as much as
145 mm (see Section 4). Umbonal angle relatively invariant at

any one size but increasing at a decreasing rate during on-

togeny (text fig. 21) to give concave dorsal margins.

Equilateral, approximately equivalve, low convexity.

Intersinal distance slightly greater in left valve than right,

increasing at a decreasing rate in both (text figs. 22, 23). Small

juvenile bvssal notch becoming almost non-existent later in

ontogeny (Pl. 1, Fig. 18).

Disc tlanks low but auricles well demarcated from disc. On

left valve both auricles meeting hinge at an obtuse angle and
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40

disc at an acute angle. On right valve both auricles extended
dorsally beyond hinge line, posterior meeting disc at an acute
angle, anterior meeting disc at an approximare right angle.
Height of right valve anterior auricle (text fig. 24) and separa-
tion of auricular apices (text fig. 20) variable and increasing at
adecreasing rate in both. Anterior hinge length slightly great-
er than posterior, increasing at a decreasing rate in both (text
figs. 25, 26).

Valve exteriors ornamented only with very line comarginal
striae. Shell thin with at least one sub-laver in the outer shell
layer composed of divaricate fibres (text fig. 27; see p. 35).

4. DISCUSSION

Possibly the earliest bibliographic record of the species de-
scribed in Section 3 is as *Pecten’ sp. Prurnies (1). The stratig-
raphic horizon of the figured specimen is unusually late (Ox-
fordian) but the presence of a byssal notch aligns it with the
species described above (however, see below). The original is
now lost, as is that of *P." glaber Hrn whose ligure also re-
sembles that of the species described in Section 3. In erecting
‘P Hebli tor Hen’s figured specimen, 1’Oraiony (1850)
considered that *P.” glaber was ajunior primary homonym of
aspecies described by MoxTacu in 1803. His hypodigm is far
from clear but subsequent authors (see Synonymy) have ap-
phied the name to the species described in Section 3. The pres-
ent author has been unable to trace MonTacU’s description
but even assuming that ’OrsicNy was justified in rejecting
HEr1’s species, the creation of a new species was an unneces-
sary step since both ‘P.” lunaris Rorser and *P.” Lasinus
NysT appear to represent the species described in Section 3,
and have historical precedence. ‘P.” liasinus was created in
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Text fig. 23: Entolium (E.) lunare

1843 tor GoLbruss’ (1836) specimen from the L. Jurassic re-
terred to P corneus J. Sowrrsy, a Tertiary species.
‘P.” Iunaris was erected in 1839 for a specimen which, accord-
ing to Brauns (1871), was derived from the Planorbis zone.
The specimen has not been examined by the present author.
However, Rorer specifies an umbonal angle of 150° which is
areasonable value for the species described in Section 3 at the
size stated (‘diameter’: 87 mm) and well above that atrained in
any other Jurassic E. (Entolnm) species. Together with the
stratigraphic information this can leave lictle doubt that
‘P linaris should be accorded the status of senior synonym.

One of the syntypes of ‘P.” Palaemon 0’Orsicny (MNS
1840) closely resembles E. (E.) lunare in its ornament and
metric proportions (2). However, the other syntype is closer
to Chlamys (Ch.) textoria inits possession of radial striae and
since such ornament was specified in 0’OrsicNy’s descrip-
tion, the latter specimen should perhaps be selected as lec-
ttype. This interpretation appears to have been followed by
Cossvann (1916) and DumorTier (1869).

‘P.° Philenor v’ ORrBIGNY was created for L. Pliensbachian
specimens which fell within Govpruss' (1836) hypodigm for
P.> cangulatus, an E. (Entolinm) species. In so far as there are
apparently no Furopean L. Pliensbachian E. (Entolium)
species apart trom E. (E.) lunare, p’Oxrsiony’s hypodigm
must be included in the latter species concept. However the
single observed tvpe (MNO 1843) is probably a representa-
tive of Ch. (Ch.) textoria so the status of secondary refer-
ences to b'ORBIGNY’s species for which no original remains
(e. g OPPEL, 1858) is in some doubt. The figured originals of
STAESCHE's (1926) *Ch.” Philenor (GPIT) are almost certainly
representative of E. (E.) lunare but that of Koun’s (1936)
‘Ch." philenor (BSPHG) is more reminiscent of Camp-
tonectes (C.) subulatns.
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intersinal distance on right valve/length.
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Text fig. 24:  Entolium (E.) lunare - height of anterior auricle on right valve/length.

In the same way as for *P.” Philenor, 0’OrpiGNY created
‘P.” Proeteus for Toarcian specimens which fell within Gorp-
russ” hypodigm for ‘P.” cingulatus. Since two E. (Entolium)
species (E. (E.) lunare and E. (E.) corneolum) appear to
coexist 1n the Toarcian it is impossible to be certain of 0’Or-
BIGNY’s hypodigm in the absence of a diagnosis. The onlv syn-
type which the author has been able to discover (MNO 2079)
1s too poorly preserved for specific determination although
H/L and PH/L (3) plot within the range of E. (E.) lunare.
StarscHr’s (1926) figured originals to E. Proeteus (GPIT) are
similarly indeterminate and thus specimens referred to this

12

| I

AH

L

species by the latter author in BErnver and Gever (1966) are
also of uncertain affinities. WenDT’s (1971) record from the
Aulenian and Bajocian of Sicily almost certainly refers to E.
(E.) corneolum.

A specimen (MNS) from the L. Pliensbachian referred by
D’ORBIGNY to SCHOUBLER’s (1833) Bajocian species ‘P.” dis-
aformis (= E. (E.) corneolum q.v.)in fact possesses the small
auricles typical of E. (E.) lunare. Similarly, a specimen from
the same horizon referred to ScHUBLER’s species by Cossniann
(1916) has the small byssal notch of E. (E.) lunare. Bearing in
mind the known stratigraphic range of E. (E.) corneolum it

o T T T T T 1
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Text fig. 25:  Entolinum (E.) lunare — anterior hinge length/length.
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Text fig. 260 Entohum (E.) lunare - posterior hinge length/length.

seems highly likely that unillustrated reports of pre-Toarcian
occurrences of SCHUBLER's species (CoQuanD, 1860; TERQUEM
and PietTE, 1865; Pompeckj, 1897; Jory, 1907; Dusar, 1925;
LANQUINE, 1929; DecHASEAUN, 1936) together with LEanza’s
(1942) and LenTine's (1973) poorly illustrated examples are in
fact referable to E. (E.) lunare. Gotvruss’ (1836) record of L.
Jurassic examples of PriLLies species ‘P.” demissus is likewise
almost certainly a misnomer for E. (E.) lunare; his figured
specimen (BSPHG) is from the M. Jurassic. However, speci-
mens figured under ‘P.” demissus from an unspecified
horizon in Spitzbergen (LinDsTROM, 1866; LUNDGREN, 1883)
exhibit the byssal notch typical of E. (E.) lunare and thus,
bearing in mind the very limited development of the L. Juras-
sic in Spitzbergen, may constitute M. or even U. Jurassic rep-
resentatives of the latter species. ‘P.” Stewartianus LUNDGRFN
from an unspecified horizon in E. Greenland has a shight bys-
sal notch and H/UA (150/140) within therange of £. (£.) lun-
are projected to larger sizes. It may be an U. Jurassic re-
presentative of the latter since 1t was compared with a species
described from the Kimmenidgian, ‘P.” validns LinpstroM
(= Camptonectes (C.) auritis).

Borwissian and lvanorr’s (1917, ph 1, fig. 4) figure of
‘P." vitrens (non Roemer) depicts a specimen with a byssal
notch that is undoubtedly from the L. Volgian (= L. Titho-
nian) of Russia. However, it should be borne in mind for this
and the above records from Spitzbergen and Greenland that
E. (E.) orbicilare (q. v.)is present in the U. Jurassic of each
area and since Keiiy (1977) states that the right valve of the
latter species may be smooth and possess a byssal notch there
remains the possibility that £. (E.) orbicilare may be the only
species present (however see p. 36). There is a rather more
remote possibility that the above records may refer to a
poorly known, essentially S. European species (see below).

‘P." callosus Lunpcren, from E. Greenland, has metric
proportions (4) within the range of E. (E.) lunare.

The figures of “P." lundgren: Mosere from S. W. Sweden
appear to show divaricate strize and are thus indicative of
Camptonectes. However, Trorbsson (1951), who may have
examined the types, has referred to Mosera’s species speci-
mens whose small byssal notch, H/L, H/UA, 1x/L and
HAAR/L (5) is within the range of E. (E.) lunare. Metric
proportions of Mosere’s figure (6) are also indistinguishable
so the appearance of divaricate striae may be a misrepresenta-
tion of the divaricate fibres within the shell of E. (E.) lunare.

AH/L (46/130) and 13/L (60.5/130) of the figure (1869,
pl. 37, fig. 1) of *P.” frontalis DusiokTirr from the U. Pliens-
bachian are considerably higher than those of measured
specimens of E. (E.) lunare. However, this may well be due
to inaccurate representation of the original for which Dumor-
TirR cites a height of 145 mm and length of 155 mm. Subse-
quent references to DumorTIIR'S species in Parona (1892),
RomaN (1926), RosenkranTz (1934, 1942) and DECHASEAUX
(1936) are unaccompanied by figures so must remam doubt-
tul. ‘P.> (Entolim) Fraiponti Rorier, which was thought to
represent possibly no more than a geographic race of
‘P.” frontalis has H/UA (104/140) within the range of E. (E.)
lunare projected to larger sizes. H/UA of the figure of ‘Ch.’
(‘Pseudamussiunt’) chartroni Cosssan (7) from the Hettan-
gian of France is also within the range of E. (E.) lunare. The
depth of the byssal notch is more reminiscent of C. (C.) sub-
ulatus but in spite of CossmaNN's statement to the contrary
the auricles of one figured specimen extend dorsally beyond
the hinge line so his species may be an early and morphologi-
cally extreme representative of E. (E.) lunare. ‘P.” Di-Blasii
D1 Sterano, from the L. Lias of Sicily has rather pronounced
comarginal ornament but as it is in other respects identical to
E. (E.) lunare this may be another aspect of variation.

The equal-sized auricles of ‘P.” sepultis QUENSTEDT, asmall
smooth species from the L. Lias of Swabia, suggest that it be-
longs to E. (E.) lunare rather than the common co-occurring



Text fig. 27: Outer surface of a slightly abraded right valve of
Entolium (E.) lunare showing divaricate tibres. Specimen (BSPHG
1983 XVII 8) from Frodingham Ironstone; x 1.6.

species C. (C.) subulatus. However, the affinities of
‘P.” amatus ANDLER, from the same horizon and region,
diagnosed merely as a smooth flat shell with comarginal
striae, could lie with either of the above species. ‘P.” dens-
saries Cross was given a similarly inadequate diagnosis but is
probably synonymous with E. (E.) lunare rather than C.
(C.) subulatus since the horizon ot derivation (Frodingham
Ironstone) is one in which the former species is much more
abundant than the latter (see Section 7).

‘P.> glaphyries R. PriLiert was distinguished from the Cal-
lovian species “P.” demissus (= E. (E.) corneolum) by the re-
latively undiagnostic criterion of auricle angularity. How-
ever, in so far as the species 1s described from the U. Pliens-
bachian (prior to certain records of E. (E.) corneolum) it
probably belongs to E. (E.) lunare. Although described from
the Callovian Entolinm sp. A. Durr has a clear byssal notch,
unlike the much more common contemporaneous species F.
(E.) corneolm, and may therefore be a late representative of
E. (E.) lunare. The small size of the available material does
not however allow exclusion of the possihility that E. sp. A is
an early representative of E. (E.) orbicilare (see above) or an
essentially S. European Tithonian species which bears a sup-
erfical resemblance to E. (E.) lunare but which can be readily
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distingmished in large specimens by the much higher HAA /L
(8, 9; specimens referred respectively to ‘P> insularim
D’ORrBIGNY [MNS] and ‘Ch.’ cf. poecilographa GesvELLARO
and D1 Brast [GPIT])).

Gorpruss’ (1836) name “P.” calvus (= C. (C.) subulatus q.
v.) has been misapplied by Starschr (1926) and TrOEDSSON
(1951) to figured specimens with the small byssal notch typi-
calof E. (E.) lunare. Itis thus possible that unillustrared rec-
ords of GOLDFUSS’ species in D’OreiGNY (1850), TATE and
Brake (1876) and Jory (1907) may also refer to E. (E.) lunare.

5. STRATIGRAPHIC RANGE

Two specimens from the Planorbis zone (Hettangian) of
the Ttalian Alps (Bistram, 1903) together with an indetermi-
nate number of specimens from the same horizon in S. Ger-
many (STAESCHE, 1926), Roemrr’s (1839) material, probably
from N. Germany, and questionable specimens from the W.
Paris Basin (Cosshiann, 19045 see Section 4) constitute the ear-
liest records of E. (E.) lnare. The species is recorded rarely
in the Angulata zone of the Rhone basin (DumorTier, 1864)
and may also occur at the same horizon in S. Germany (A~
DLEFR, 1858; see Section 4). Decnaseaux (1836) records the
species from an unspecified horizon in the Hettangian of the
E. Panis Basin. E. (E.) lunare becomes common in the Buck-
landi zone and is thereafter widespread and locally common
until the U. Pliensbachian. Toarcian records are equivocal be-
cause all potential examples of E. (E.) lunare have poorly pre-
served auricles and so cannot definitely be separated from E.
(E.) corneolion by the diagnostic criterion. However, a
specimen in the GPIG (PL. 1, Fig. 23) from the Toarcian of S.
Germany has H/UA (10) well outside the range of E. (E.)
corneolwm and this specimen together with four others from
the same area in the GPIT, one from Yorkshire (SM J50642)
and one from Gloucestershire (BM 1.94280), all of which plot
within the range of text fig. 21, seems to indicate that E. (E.)
lunare extended into the Toarcian. All but the first mentioned
are from the upper substage.

M. and U. Jurassic bibliographic records which may refer
to E. (E.) lunare must be treated with great caution (see Sec-
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Text tig. 28:  Entolum (E.) lunare — European distribution.
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Text tig. 29:  Entolum (E.) lunare — World distribution (Pliensbachian reconstruction).

tion 4). A slight byssal notch is present in asmooth right valve
(OUM ]26053) [rom the L. Tithonian (Pectinatus zone) near
Oxford but in view of the possible development of such a
morphology in E. (E.) orbiculare (see p. 36) it can only
tentatively be accepted as an U. Jurassic record of E. (E.
lunare.

6. GEOGRAPHIC RANGE

Within Europe (text fig. 28) £. (E.) lunare 1s a widespread
species. Outside Europe (text fig. 29) occurrences are widely
dispersed and are not connected by obvious migration routes.
Records from S. America might be understood as the result of
a migration along the northern shores of Tethys by linking
occurrences in the Carpathians (Posrecky, 1897) and Japan
(Hayami, 1961). However depending on the tectonic recon-
struction adopted records from the Carpathians might be held
to indicate migration along the southern shores of Tethvs,
perhaps utilising a marine connection between Africa, Ant-
arctica and S. America (see p. 25).

7. DESCRIPTION OF ECOLOGY

E. (E.) lunare first occurs commonly in the Artetenkalk
(L. Sinemurian, Bucklandi zone) of S. W. Germany in associ-
ation with quite common examples of Campronectes (C.)
subulatus and Chlamys (Ch.) textorta. The maximum height
of E. (E.) lunare is 51 mm (GPIT). Deposits of the same age
and probably similar facies in the Rhone also contain abun-
dant E. (E.) lunare in association with Pseudopecten (Ps.)
équivalvis (DunvorTier, 1867). In the U. Sinemurian (Ob-
tusum zone) part of the Frodingham Ironstone, a condensed
chamosite oolite in Lincolnshire, E. (E.) lunare occurs with
all the above species but is much the most numerous element
of the fauna, attaining a maximum height of 57 mm (ScM
1099). In contemporaneous argillaceous facies (Harram,
1963) and similar [acies in the L. Pliensbachian E. (E.) lunare
1s greatly outnumbered by C. (C.) subulatus. However, in
neretic limestones, probably of L. Pliensbachian age (see p.
79) i Sicily (D1 Sterano, 1886) C. (C.) subulatus is absent

and E. (E.) lunare occurs commonly with Ps. (Ps.) veyrasen-
s1s. 1. Pliensbachian sandstones in E. Greenland (Rosen

KRANTZ, 1934) are reported to contain abundant examples of
E. frontale (IDUvokTIER), a probable synonym of E. (E.) lu-
nare (see Section 4) in association with common Ps. (Ps.)
equivalvis. The latter species greatly outnumbers E. (E.) lu-
nare in the condensed chamosite oolites (‘Pecten’ Beds) of the
Ibex zone in Gloucestershire and Lincolnshire and in sand-
stones (Sandy Series) and condensed chamosite oolites
(Cleveland Ironstone) of the Margaritatus zone in Yorkshire.
A similar situation pertains in ironstones of the Spinatum
zone (Marlstone) in the Midlands where the species reaches a
maximum height of 116 mm (BM 46444). However, in sand-
stones of the Margaritatus zone (Thorncombe Sands) in
Dorset the relative proportions are reversed although the
maximum height of £. (E.) lunare is only 37.5 mm (BM
L1.30727). In contemporancous clays in Yorkshire £. (E.) lu-
nare is greatly outnumbered by C. (C.) subulaties and reaches
amaximum height of only 25 mm (author’s collection). Apart
from the above cases, E. (E.) lunare, although widespread. 1s
only known ta be common in the Gresten Beds of Austria
(TrautH, 1909) where Ch. (Ch.) textoria and Ps. (Ps.) den-

tatus are also quite common.

$. INTERPRETATION OF ECOLOGY

[t is clear from Section 7 that E. (E.) lunare exhibited con-
siderable eurytopy with respect to substrate. However, if
maximum size is taken as a measure of environmental
favourability then, at least in the U. Phensbachian, con-
densed ironstones can be seen to have offered more suitable
conditions than sands or clays. This can presumably be ex-
plained, in the same way as suggested for Ps. (Ps.) equivalvis
(see p. 71) by the reduced turbidity and possibly increased
temperature characteristic of ironstone deposition. Speci-
mens from the Sinemurian Arieten-Kalke which are not much
smaller than those from the roughly contemporaneous
Frodingham [ronstone may well be derived from condensed
horizons within the predominantly argillaceous sequence
(Urtichs, 1971).



If abundance is taken as a measure of environmental
favourability then sandstones appear to have been just as suit-
able as ironstones. In both facies a frequent inverse correla-
tion in the numbers of E. (E.) lunare and Ps. (Ps.) equivalvis
is strong evidence for competition. In sandstones the domin-
ant species appears to fluctuate at random from place to place
but in ironstones E. (E.) [unare apparently lost its competi-
tive superiority after the Sinemurian and Ps. (Ps.) equivalvis
became dominant. There is no evidence for a similar competi-
tive reaction with Ps. (Ps.) dentatus, Ps. (Ps.) veyrasensts or

Ch. (Ch.) textoria.

Compettion with C. (C.) subulatus is suggested by the
tendency after the L. Sinemurian for E. (E.) lunare to be
most abundant in arenaceous facies, a trend essentially oppo-
site to that observed in the former species (q. v.).

Recent analogues of E. (E.) lunare are provided by species
of Amusium. Most live in deep water (Knunsen, 1967) but
some, such as A. plenronectes and A. japontcum, migrate
considerable distances into shallow water for the purpose of
spawning (B. MorTON, pers. comm., 1978). Swimming ability
1s excellent, with “flights’ of at least 10 m being possible, even
at shell lengths near 100 mm. Stationary individuals recess
into the sea bed.

9. FUNCTIONAL MORPHOLOGY

The small juvenile byssal notch and its subsequent allomet-
ric reduction in size imply that E. (E.) lunare could only have
been byssally attached for a very short period early in on-
togeny.

The large, smooth, low convexity shell is paradigmatic for
reclining in the high energy environments favoured by the
species. The dorsally extended auricles of the right valve may
have assisted reclining in the same way as suggested for Prop-
eamussium (P.) laeviradiatum (see p. 31). The thin shell is
non-paradigmatic for reclining but probably represents an
adaptation towards improved swimming efficiency, com-
bined with ontogenetic increase in the umbonal angle.
Smoothness and low convexity are also adaptive for swim-
ming, but large size is not. However, bearing in mind the sizes
at which swimming is possible in Amusizm (see Section 8), it
scerns likely that the thinness of the shell offset any disadvan-
tage resulting from the greater weight associated with large
size.

Due to the rarity of bivalved specimens and generally poor
preservation of the muscle scars, it has proved impossible to
judge whether the high values for adductor muscle obliquity
(TrAYER, 1972) and moment (Gourp, 1971) which contribute
towards the considerable swimming ability of Amusim, are
also characteristic of E. (E.) lunare.

The internal costae which presumably compensate for the
reduced strength and stiffness of the smooth, non-plicate shell
in Amusium would appear to be functionally represented by
divaricate fibres within the shell of E. (E.) lunare.

10. ORIGINS AND EVOLUTION

Since E. (E.) lunare is first recorded in the Planorbis zone
its origins probably lie in the Trias. E. (E.) disctes
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(ScHLOTHEM), a Trias species with a slight byssal notch seems
to be the most likely ancestor.

There are no phyletic trends within £. (E.) hunare apart
from a marked increase in maximum height in the same iron-
stone facies from 57 mm in the U. Sinemurian to 116 mm
(possibly 145 mm, see Section 4) in the U. Pliensbachian. It
should, however, be noted that the value of 3'/," (88 mm)
cited for the “diameter” of Roemer’s holotype from the Het-
tangian (Brauns, 1871) almost certainly implies a height great-
er than that attained in the U. Sinemurian, albeit in an iso-
lated specimen.

The Toarcian decline of E. lunare may well be due to the
widespread development of unfavourable bituminous shale
facies in the lower substage. However, the fact that there ap-
pear to be at least a few U. Toarcian representatives (see Sec-
tion 5) suggests that competition with E. (E.) corneolum, a
species which apparently evolved in the latter substage, may
also have played a part.

Entolium (Entolium) eorneolum (YOUNG and BIRD 1828)
PlL. 1, Figs. 24-26, ? Figs. 20, 22, 27; text figs. 30-37

Synonymy

1828 . Pecten corneolus sp. nov; YOUNG and BIRD,
© p- 234, pl. 9, fig. 5.
Pecten demissus sp. nov; PHiLLIPS, pl. 6, fig. 5.
Pecten Phillipsii sp. nov; VOLTZ in THURMANN,
p.32.
1833 Pecten  disciformis  sp. nov;
V. ZIFTEN, p. 69, pl. 53, fig. 2.
Pecten angulatus sp. nov; GOLDEUSs, p. 74, pl. 99,
figs. 3a, 3b.
1836 Pecten subcomatus sp. nov; ROEMER, p. 70, pl. 3,

v 1829
2 1833

SCHUBLER in

pv? 1836

v

fig. 17.
1836 Pecten wvitrcus sp. nov; ROEMER, p. 72, pl. 13,
fig. 7.
1836 Pecten solidus sp. nov; ROEMER, p. 212, pl. 8,
fig. 5.
1839 Pecten spathulatys sp. nov; ROEMER, p. 26, pl. 18,
fig. 22.
vnon 1850  Pecten disciformis SCHUBLER, D’ORBIGNY, v. 1,
p. 237.
v? 1850 Pecten Proeteus sp. nov; D’ORBIGNY, v. 1, p. 257.
v¥ 1850 Pecten silenus sp. nov; D'ORBIGNY, v. 1, pp- 284,
314 (BOULE, 1910, v. 5, p. 69, 1909, v. 4, pl. 20,
fig. 12).
v 1850  Pecten Rhypheus sp. novi D’ORBIGNY, v. 1, p. 314
(BOULE, 1913, v. 8, p. 92, pl. 2, figs. 24, 25).
vi? 1850  Pecten subcingulatus sp. nov; D'ORBIGNY, v. 1,
p. 374 (BOULE, 1927, v. 16, p. 132, 1928, v. 17,
pl. 6, fig. 9).
vnon 1852 Pecten angulatus GOLDFUSS; QUENSTEDT, p. 506,

pl. 40, fig. 41.

1853 Pecten disciformis SCHUBLER; CHAPUIS and DE-
WALQUE, p. 21, pl. 31, fig. 2.

1855 Pecten demissus PHILLIPS; MORRIS and LYCETT,
p. 127, pl. 14, fig. 7.

v* 1855 Pecten censoriensis sp. nov, COTTEAU, p. 112.
v 1858 Pecten demissus PHILLIPS; QUENSTEDT, pp. 353,
381, 553, pl. 48, figs. 6, 7, pl. 72, fig. 27.
v#? 1858 Pecten demissus Gingensis subsp. nov; QUEN

STEDT, p. 378, pl. 51, fig. 1.
1858 Pecten spathulatus ROEMER; QUENSTEDT, p. 433,
pl. 59, fig. 13.
(?) 1858 Pecten Renevieri sp. nov; OPPEL, p. 420.
1860 Pecten Silenus D’ORBIGNY; COQUAND, p. 68.
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1860
1860
1860
1862

1866
1867
1867
1867
1867
1869
1869
1875

1876
1881

1882

1883

1883

1884
1885

1886
1888

1895
1894
1895
1896
1897
1897

1897
1898

1899

1903

1904

1905

1905

1905

Pecten denmussies PHILLIPS; COQUAND, p. 73.
Pecten sofrdns ROEMER; COQUAND, p. 79.

Pecten denussus PHILLIPS; DAMON, pl. 9, fig. 3.
Pecten Nicoleti sp. nov; ETAILON in THURMANN
and ETALLON, p. 263, pl. 37, fig. 5.

Pecten solidus ROFMIR; THURMANN and ETAI-
LON, p. 262, pl. 37, fig. 5.

Pecten demissis PHILLIPS; TRAUTSCHOLD, p. 2,
pl. 7, figs. 2, 4 (non fig. 3).

Pecten demissus PHITLIPS; LINDSTROM, p. 14,
pl. 3. figs. 9, 10.

Pecten spatulatus ROFMER; LAUBE, p. 9.

Pecten demussis PHILLIPS; LAUBE, p. 10.

Pecten Gingensis QUENSTEDT: WAAGEN, p. 627.
Pecten oblongus sp. nav; WAAGEN, p. 629.
Pecten disciformis SCHUBLER; DUMORTIER, p. 199.
Pecten  cngulatus  GOLDEUSS: TERQUEM  and
JourDY, p. 127.

Pecten solidus ROrMER; DE LORIOL and PELLAT,
p. 189, pl. 22, fig. 5.

Pecten Pilatensis sp. nov; FAVRE, p. 65, pl. 7, fig. 3.
Pecten vatrens ROEMER; D1 LORIOL, p. 93, pl. 13,
figs. 3-5.

Pecten  (Entolum) witreus ROEMER; ROEDER,
p. 56, pl. 2, figs. 2a, 2b, pl. 4, figs. 14a—d.

Pecten dennssus PHILLIPS; LAHUSEN, p. 24, pl. 2,
fig. 4.

Pecten demussus PHILLIPS; LUNDGREN, p. 16,
pl. 2, fig. 12.

Pecten dermussus PHILLIPS; WHIDBORNE, p. 498.

Pecten denussus var. mutile var. nov; WHID-
BORNE, p. 499.

Pecten  gingensis  QUENSTEDT;  WHIDBORNF,
p-499.

Pecten discifornus SCHUBLER; SIMPSON, p. 172.
Pecten (Amustum) Pilatensis FAVRE; NICOLIS and
PARONA, p. 45.

Pecten disciformis SCHUBLER; ROTHPLETZ, p. 36.
Pecten Rypheus D'ORBIGNY; SCHLIPPE, p. 126,
pl. 2, fig. 6.

Pecten (Entolmm) angulatus GOLDIUSS; BOTTO-
Micca, p. 174.

Pecten atrens ROENMER; DI LORIOL, p. 312, pl. 33,

fig. 8.

Chlamys (Pecten) vitrea (ROEMLR); SIEDMIRADZ-
Ki.p. 119.

Pecten  (Entolm)  disciformis SCHUBLER:

MORICKE, p. 37.

Pecten vitrens ROFMER; DE LORIOL, p. 45.

Pecten denussus PHILLIPS; SEMENOW, p. 63.
Pecten vitrens ROEMER; DE LORIOL, p. 129, pl. 16,
figs. 5. 6.

Pecten demissus PHILLIPS; POMPECK], p. 779.
Pecten disciformis SCHUBLER; POMPLCK], p. 779.
Pecten (Entolnon) angulatus GOLDFUSS: GRECO,
p. 109, pl. 8, figs. 30, 31.

Pecten (Entolwm) disaiformis SCHUBLER; TORN-
QUIST, p. 31.

Pecten demissus PHILIIPS; SIMIONESCU, p.
pl. 2, fig. 6.

Pecten (Entolum) disciformis SCHUBLER; BURCK-
HARDI, p. 22, ? p. 8.

Pecten vitrens ROINIR; [LOVAISKY, p. 251, pl. 8,
hig. 3.

Pecten (Chlamys) cf. Ryphens D’ORBIGNY; Kit-
IAN and GUEBHARD, p. 743.

Pecten (Entoluim) gingensis QUENSTEDT; KILIAN
and GUEBHARD, p. 743,

Pecten f. disaformis SCHUBLER; KILIAN and
GUEBHARD, p. 743.

Pecten (Entolium) demissies PHIL11PS; KILIAN and
GUEBHARD, p. 766.

215,

oo

non

<

v?

1905

1905

1907
1908

1910

1910

1910

1911

1911

1911

1911

1911

1911

1911

1915
1916

1916

1917

1917

(917

919

1920

1923

1923

1923

1924

1924

? 1926

1926
1926
1926
1926
1926
1926
1926
1926

1929

1929

Pecten (Entolinm) solidis ROEMIR; KILIAN and
GUEBHARD, p. 818.

Pecten censoriensts COTTEAU: PERON, p. 232,
pl. 10, figs. 5, 6.

Pecten demissus PHILLIPS; DENINGER, p. 453.
Pecten (Entolinm) wvitrers ROEMER; LEWINSKI,
p- 435,

Entoluem demissus (PHILLIPS); LISSAJOUS, p. 363,
pl. 10, figs. 7, 8.

Pecten (Entolmum) demassus
p.463.

Pecten (Entolinm) cingnlatus GOLDIUSS: RAVN,
p- 464, pl. 33, fig. 7.

Pecten (Entolium) uitreus
p- 193, pl. 7, figs. 17, 18.
Pecten (Entoluim) disafornis SCHUBLER; ROL-
LIFR, p. 260.

Pecten (Entoluum) Giengensis sp. novi ROLLIER,
p. 260.

Pecten (Entolism) Silenns D'ORBIGNY; ROLLIER,
p- 260.

Pecten (Entolium) Rvpheus D’ ORBIGNY; ROLLIER,
p. 261,

Pecten (Entoliem) spathidatis ROEMER; ROLLIER,
p. 262

Pecten (Entolium) angulatus GOLDFUSS; ROLLIER,
p. 263.

Pecten demissus PHILUPS; KRENKEL, p. 296.

PHILLIPS; RAVN,

ROEMER; BODEN,

Entolium  disciforme  (SCHUBLER); COSSMANN,
p. 45, pl. 8, figs. 10, 11.
Pecten demissus PHILLIPS; DOUVILLE, p. 75, pl. 10,

fig. 2.

Pecten  demissus  PHIL11PS;  BORISSIAK  and
IVANOEF, p. 3, pl. 1, figs. 5, 8, 10, 15, 17.

Pecten  spathulatus ROEMER; BORISSIAK  and

IVANOEF, p. 6, pl. 1, fig. 13.

Pecten vitrerrs ROFMER; BORISSIAK and IVANOFF,
p. 8. pl I, figs. 1,2, 12, [6 (non fig. 4).

Entolium  silenus  (D'ORBIGNY);  COSSMANN,
p. 436.
Pectenn  solidus ROEMER; FAURE-MARGUERIT,
p- 55.

Pecten of. vitrens ROEMER: LEWINSKI, p. 60, pl. 2,
fig. 11.

Syncyclonema denussum  (PHILLIPS): LISSAJOUS,
p- 167.

Syncyclonema spathulatem (ROFMFR): LISSAJOUS,
p. l68.

Entolinm leachi sp. nov; MCLEARN, p. 48, pl. 5,
figs. 3, 11.

Pecten (Entolium) demissium PHILLIPS; HENNIG,
p- 14, pl. 2, figs. 1, 2.

Entoluim Proetens (D'ORBIGNY): STAFSCHE, p. 92,
pl. 6, figs. 3, 4.

Entolitm Renevieri (OPPFL); STAESCHE, p. 93,
pl. 3, fig. 4, pl. 6, fig. 6.

Entolium cingulatum (GOLDEUSS); STAESCHE,
p- 93, pl. 4. figs. 3, 4.

Entolium demissum (PHILLIPS): STAFSCHE, p. 99,
pl. 4. lig. 5.

Entolium  Gingense
p- 102, pl. 5, figs. 1, 2.
Entolum aff. solido (ROEMER); STAESCHE, p. 103,
pl. 3, figs. 13-15.

Entoluom disciformis (SCHUBLER); ROMAN, p. 155.
Entolium spathulatus (ROEMIR); ROMAN, p. 168.
Entolinm vitrens (ROFMER); ROMAN, p. 198.
Pecten (Entolinm) demissus PHILLIPS; LANQUINE,
p. 199.

Pecten (Entolitm) valauryense sp. nov: LAN:
QUINE, p. 324, pl. 10, fig. 7.

(QUENSTEDT); STAESCHE,



v 1930a
1931
1931

(?) 1931
1932
1933
1934

2 1934
1935a
1935

? 1936
1936
1936

(?) 1936
1936

? 1936

1938

non 1939
1939
1948
1950

2 1951

1952
1954

1957
1961

1961
1961
non 1964
1965

? 1965

? 1966

? 1966

? 1970
1971

21971
1971

? 1971

Entolum demissum (PHILLIPS); ARKELL, p. 91,
pl. 7, fig. 4. pl. 9, fig. 8, text figs. 15~17.

Pecten (Camptonectes) vitrers ROEMER; YIN,
p. 118.

Pecten (Entolium) cf. demissus PHILLIPS; SOKO-
LOV and BODYLFVSKY, p. 50, pl. 3, fig. 5.

Pecten (Entoliun:) cf. Nicoleti ETALLON; SOKO-
LOV and BODYLEVSKY, p. 52.

Entolium demissum (PHILLIPS); SPATH, p. 112,
pl. 26, fig. 2.

Pecten (Entolium) solidus ROEMER; DIFTRICH,
p. 65, pl. 8, figs. 118, 119.

Pecten (Entolim) demissus (PHILLIPS); STOLL,
p- 22, pl. 2, fig. 21.

Entolium demissum (PHILLIPS); ROSENKRANTZ,
p- 117.

Entolium demissyum (PHILLIPS); ARKELL, p. x,
pl. 53, fig. 3.

Pecten (Entolium) cf. demissus (PHILLIPS); SPATH,
p. 56.

Entolium cngulatus (GOLDFUSS); DECHASEAUX,
p. 60.

Entolium disciformis (SCHUBLER); DECHASEAUX,
p. 61, pl. 8, figs. 12, 13.

Entolium demissus (PHILLIPS); DECHASFAUX,
p- 61.

Entolinm Gingensis (QUENSTEDT); DECHASEAUX,
p- 63.

Entolium spathulatus (ROEMER); DECHASEAUX,
p.63.

Entolium cf. demissum (PHILLIPS); WANDEL,
p- 481.

Entolinm demissum (PHILLIPS); WEIR, p. 46,
pl. 3, fig. 8.

Entolium  disciforme  (SCHUBLER); STEFANINI,
p- 177, pl. 19, fig. 15, pl. 20, fig. 1.

Entolinm demissum (PHILLIPS); STEFANINI, p. 179,
pl. 22, figs. 2, 3.

Entolium corneolum (YOUNG and BIRD); Cox
and ARKFLL, p. 15.

Entolium corneolum (YOUNG and BIRD); CHAN-
NON, pp. 247, 248.

Entolium angulatum (GOLDFUSS); TROEDSSON,
p- 217, pl. 20, figs. 1-3, pl. 21, figs. 11, 12.
Entolrum demissum (PHILLIPS); MAKOWSKI, p. 17.
Pecten (Entolinm) disciforms (SCHUBLER); DEAN,
p. 176.

Entolium leach: MCLEARN; FREBOLD, p. 21.
Entolum cf. disciforme (SCHUBLER); Havawmi,
p. 255.

Entolium: demissum (PHILLIPS); BARBULESCU,
pp. 701, 702.

Entolium cf. cingulatum (GOLDFUSS); BARBU-
LESCU, p. 702.

Entolium cingulatum (GOLDFUSS); WELLNHOFER,
p. 35, pl. 1, figs. 28-30.

Entolium corneolum (YOUNG and BIrRD); COX,
p-51.

Entolium dangulatum (GoOiDruss); Cox, p. 52,
pl. 6, fig. 15.

Entolium protens (D’ORBIGNY); BEHMEL and
GEYER, p. 28.

Entolitum demissus  (PHILLIPS); BEHMEL and
GEYER, p. 28.

Entolium cingulatum (GOLDFUSS); BEHMEL, p. 62.
Entolium cingulatum (GOLDFUSS); BARBULESCU,
p.277.

Entoluom proetens (D’ORBIGNY); WENDT, p. 156.
Entolium corneolun {(YOUNG and BIRD); WEFNDT,
pp- 159, 161.

Entolium cf. angulatum (GOLDFUSS); WENDT,
p- 160.
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1971 Entolutmn corneolu: (YOUNG and BIRD); FUR-

SICH, p. 320.

Entolium aingulatum (GOLDFUSS); NITZOPOULOS,

p- 46.

1975b  Entolium demissum (PHILLIPS): HALLAM, p. 384.

1977 Entolium demissum (PHILLIPS); DieTL, pl. 2,
fig. 4.

1977 Entolium  demissum  (PHILLIPS); ].
p. 330.

1978 Entolium (Entolium) corneolumn (YOUNG and
BIRD); DUFF, p. 62, pl. 4, figs. 25, 29, 30, pl. 5,
figs. 3-5, text fig. 20.

1978 Entolium corneolum (YOUNG and BIRD); BROOK-
FIELD, pp. 10, 15, 17, 26.

> 1974

WRIGHT,

Neotype of Pecten corneolus Younc and
Birp 1828, p. 234, pl. 9, fig. 5 designated by
Durr, 1978, p. 62; OUM ]8151; figured
ARKELL, 1930a, pl. 7, fig. 4; H: 68, AL: 26,
Ig: 41, HAAg: 16.5, UA: 113; Osmington
Oolite (M. Oxfordian), Malton, Yorkshire.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘No. 5, also from the oolite, is smooth, brown, and thin
like Sowerey’s P. corneus, Tab. 204; but it is more oblong,
and has smaller beaks. We may give it the name P. corneolus.’

2. AMENDED DIAGNOSIS

Distinguished from E. (E.) lunare by the lack of a byssal
notch and from E. (E.) orbiculare by the lack of comarginal
grooves on the right valve.

3. AMENDED DESCRIPTION

Essenually similar to E. (E.) lunare, differing by the diag-
nostic lack of a byssal notch (PL. I, Fig. 24), by the slower al-
lometric reduction in H/L (text fig. 30), by the smaller max-
imum height (90 mm; NM, YM 531), by the slower rate of in-
crease in umbonal angle, leading to generally higher H/UA
values (text fig. 32), by the equality and isometric increase of
the intersinal distance in both valves (text. figs. 33, 34), lead-
ing to much higher I/L values in the right valve, and by the
1sometric increase in height of the anterior auricle and proba-
ble allometric increase in the separation of the auricular
apices, leading to higher values of HAAR/L (text fig. 35) and
AL/L (text fig. 31).

4. DISCUSSION

Examples of the species described in Section 3 have most of-
ten been referred to ‘Pecten’ demissus Priiuies. The sole
known type (YM 202), a rather atypical form with a narrow
umbonal angle (1), was said by ArkeLL (1930a) to exemplify
Oxfordian forms of Entolinm as distinct from Bajocian and
Bathonian forms which were said to have a larger umbonal
angle. ROEMER’s (1836) species ‘P.” solidus (2) and ‘P.” vit-
reus (3), also from the Oxfordian, were placed in synonymy
with ‘P.” demissus on the basis of comparable umbonal ang-
les. Arkzrr originally considered that Bajocian and Bathonian
forms should be referred to D’OreiGNY’s (1850) species
‘P.” Rhypheus (syntypes [2] MNO 2908) but he later (1935a)
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Text fig. 32:

considered that they should be untted with forms referred to
‘P demissus (a conclusion supported by text fig. 32) under
the slightly earlier name of ‘P.” corneolus Younc and Birp
(1828). The figure of the latter species is poor and the original
is now lost. However, the description (see Section 1) leaves
little doubt as to its affinities and Durr has now designated an
appropriate neotype (OUM J8151; 4). Middle Jurassic rep-
resentatives of E. (E.) corneolimn have usually been referred
to either ‘P." disciformis ScuusLir or ‘P.’ spathulatus
Roemer. H/UA of the original figures of both species (5 and 6
respectively) from the M. Jurassic of Germany, is within the
range of E. (E.) corneolum although that of ‘P.” spathulatus
1s near the limit of variation in measured specimens.

LinpstrROM’s (1866) and LunDGREN’s (1883) incorrect re-
cords of PHILLIPS’ species are discussed under E. (E.) lunare.
Because of the possibility of confusion with the latter species
in the Toarcian, unfigured records of PHiLLIPS species from
that stage in PoMPECK] (1897), ROsENKRANTZ (1934), WANDEL
(1936), Dean (1954) and BexMEer and GEevir (1966) must be
treated with considerable caution. Unfigured Toarcian re-
cords of ScHUBLER’s species in DUMORTIER (1869), Simpson
(1884), Powmreckj (1897), Burcknarpr (1903) and Di
CHASEAUX (1936) must be similarly treated. Pre-Toarcian fig-
ured specimens reffered to SCHUBLER’s species by D’ORBIGNY
(1850) and Cossmann (1916) in fact belong to E. (E.) lunare
as, most probably, do a number of unfigured specimens dis-
cussed under the latter species. Steraninr’s (1939) figured
specimen from the Bajocian of Somalia, referred to E. (E.)
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Entolium (E.) corneolum — heigth/umbonal angle.

disciforme, exhibits quite pronounced radial ornament and 1s
therefore not representative of E. (Entolium). TRAUTSCHOLDs
(1862, pl. 7, fig. 3) figured specimen from the Tithonian of
Russia, referred to ‘F.” demissus, exhibits alarge byssal notch
and 1s probably an example of Campronectes. Tauscy’s (1890)
unfigured record of RoEMER’s “P.” spathulatus from the Toar-
cian of the S. Alps must be viewed with the same scepticism as
other unillustrated records of E. (E.) corneolum from the
stage. Dr Lokrior’s (1881) illustrated record of Roemer’s
‘P.” vitrens and StapscHi’s (1926) illustrated record of
Roemer’s “P.” solidus both refer to specimens with rather
pronounced comarginal ornament which may thus be refera-
ble to E. (E.) orbiculare.

Borissiag and Ivanorr’s (1917, pl. 1, fig. 4) figure of
‘P.” vitrens depicts a specimen with a slight byssal notch
which is thus not referable to E. (E.) corneolum. 1n the pre-
sent state of knowledge (see p. 36) it is impossible to say
whether it should be referred to E. (E.) lunare or E. (E.) or-
biculare.

‘P.” subcomutus ROEMER from the Bathonian has H/UA (7)
only just within the range of E. (E.) corneolwm and unul the
type material is examined the possibility cannot be entirely
excluded that the divaricate lines on the figure are in fact rep-
resentative of the divaricate striae of Camptonectes (C.)
laminatus. The fine radial striae on a syntype of ‘P.” subcing-
nlatus D’Orsicny (MNO 3763) from the Oxfordian suggest
that the species is referable to Propeamussium, despite its en-



50

1 .
24 4 A
I, | )
Lo v
LI
184 2
- R A
yom
7 A,
12+ o &
. a,
6 -
T T T T T T T T T
20 40 60 80 100
L
Text fig. 33:  Entolium (E.) corneolum — intersinal distance on left valve/length.
] A 1460
36
- °
e A
A [}
30+
i . N ®u
A
21 *a fﬂ o
- 5%%a
IR .11 4
oy
A Py A A
18+ 4
y , =
5 t e A
/ L
4 A
124 A A b &
] s ot
AD
| v ’10 H
.
6 A 4
T T T T T T T T T
20 L0 60 80 100
L
Text fig. 34:  Entolium (E.) corneolum — intersinal distance on right valve/length.



tolioid form. However, the syntypes of ‘P.’ silenus 1Ok
BIGNY (MNO 2904) are completely smooth and have metric
proportions (8) well within the range of E. (E.) corncolum.

The subspecies ‘P.” demissus Gingensis QUENSTEDT was
erected for a large specimen (GPIT) from the Bajocian of
Gingen (S. Germany) with large, symmetric auricles. Apart
from {1 /L all metric proportions (9) plot within the range of
E. (E.) corneolum and the absence of intermediate sized
specimens precludes any assessment of whether the large I, /L
(54/88) is the product of some hitherto undetected allometry
or is indicative of a more profound difference. Topotype
specimens (identified with a glyph) of which only five are
known (GPIT, GPIG [3], MNS) plot within the range of E.
(E.) cormeolum projected to larger sizes but have strong au-
ricular crura and thick shells (Pl. 1, Fig. 27) which may jus-
tify WaAGEN’s (1867) elevation of the subspecies to specific
rank. Waagen erected a further species, ‘7. oblongus, for
forms with large auricles from the Bajocian of Gingen. Al-
though unillustrated it seems quite possible that they are
synonymous with ‘P.” Gingensis, if not with E. (E.) cor-
neolwm. WHIDBORNE (1883) recorded a further unfigured
specimen of ‘P.” gingensis from the Northampton Sand Iron-
stone (Aalenian) and also created the variety inutile for forms
of ‘P.” demissus with large auricles. It seems likely that they
to0o are representative of ‘P.” Gingensis. WHIDBORNE’s variety
celatus was said to have radiating lines and may therefore be
representative of Propeamussinom rather than E. (Entolinm).

The figure of ‘P.” Nicoleti ExarLon (?holotype: Ecole can-
tonale de Porrentruy [Wannier and Pancraup, 1977]) from
the Kimmeridgian of Switzerland has extremely high H/L and
H/UA (10) but at [east with respect to the latter parameter it is
comparable to the single type of ‘P.” demissus Pripies (1) and
may therefore be no more than a narrow form of E. (E.) cor-
neolum.
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‘P.’ Pilatensis Favre, from the Oxfordian of Switzerland,
was compared with ‘P." denrissus and ‘P." witrens but has
rather strong comarginal ornament and thus may be represen-
tative of E. (E.) orbiculare rather than E. (E.) corneolim.

The syntypes of ‘P’. censoriensis Cotrrau (MNS B. 03983,
PL 1, Fig. 26) from the Oxfordian of the Yonne can only be
distinguished from E. (E.) corneolum by a somewhat low
HAAR/L (11). Since only two specimens are available it seems
unwise to regard them as specifically distinct. Likewise it
seems improper to separate E. leachi McLrarN on the basis
of a somewhat low H/UA (12) when all other proportions of
the figured specimen are similar to those of typical representa-
tives of E. (E.) corneolum. Metric proportions of ‘P.” (E.)
valauryense LANQUINE (13) from the Bathonian of Provence,
are entirely within the range of E. (E.) corneolum.

Govpruss (1836) apparently based his concept of *P.” cing-
slatus on a specimen from the Oxfordian figured by Prit1irs
(1829, pl. 5, fig. 11) as “P.” sp. The latter possesses a slight
byssal notch and may be alate representative of E. (E.) lunare
(q- v.). However additional figures of ‘P.” cingulatus pro-
vided by GoLpruss show no sign of a byssal notch and are not
dissimilar to E. (E.) corneolum. What may be regarded as
paratypes in the GPIB (610a, 610b) could certainly be taken to
be representatives of E. (£.) corneolum. However, comargi-
nal ornament is quite strongly developed (PL. 1, Figs. 20, 22)
and this, together with the fact that the example figured in
PL. 1, Fig. 22 has a smooth opposite valve, suggests that the
specimens may possibly be representative of E. (E.) orbicul-
are (cf. PL. 1, Fig. 19). Govpruss cited localities in both the L.
and U. Jurassic for his species, thus his hypodigm could well
have included E. (E.) lunare in addition to one or other of E.
(E.) corneolum and E. (E.) orbiculare. However, 0’ ORBIGNY
(1850) subsequently created ‘P.” Philenor and ‘P.’ Proeteus
for L. Jurassic forms which he would otherwise have assigned
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Text fig. 35:  Entolium (E.) corneolum — height of anterior auricle on right valve/length.
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to ‘P.” cngulatus and, {ollowing StaescHE (1926), Cox (1952,
1965) has taken this to imply a restriction of GoLpruss®
hypodigm to U. Jurassic forms. It should be noted in passing
that DrcrHaseaux (1936) and Trorpsson (1951) have applied
Gotipruss” specific name to L. and M. Liassic forms of E.
(Entolinin) which are, in consequence of the horizon of de-
rivation, very probably representative of E. (E.) lunare. Ex-
amples of E. (Entolinm) from U. Jurassic marls in S. Ger-
many, whence some of Gotbruss’ paratypes were derived,
appear to be distinguishable from E. (E.) corneolum (the
E. (Entolinm) species usually encountered elsewhere at this
time) by a low UA. However, text fig. 32, in which these
specimens are identified with a double glyph, shows that this
is an illusion created by small size. Nevertheless, certain
specimens collected by WrLinHORFR (1964) from marls in the
U. Jurassic of S. Germany probably differ from E. (E.) cor-
neolum in the possession of internal ridges (see p. 36) and it
could be that Govrbruss’ paratypes are similarly distinct. The
affinities of Gorpruss™ species are thus extremely uncertain
and while it seems likely that most authors would apply the
name cngulatus to specimens referable to £. (E.) corneolum
there remains the possibility for U. Jurassic forms that Gorp-
fuss’ specific name could be applied to E. (E.) orbiculare or w0
the probably separate species with internal ridges. Specimens
figured by Ravn (1910) and Cox (1965) appear similar to
WriinHOFER’s material while specimens referred to E. cing-
ulatum by StaeschE (1926), apparently with strong comargi-
nal ornament, may be representative of E. (E.) orbiculare.
However, unillustrated U. Jurassic specimens referred to
Gorpruss’ species by Rovrier (1911), Bermer (1970), WeNDT
(1971) and Nitzorouros (1974) are of completely indetermi-
nate affinities. Since neither the ‘species’ with internal ridges
nor £. (E.) orbiculare are known definitely to occur before
the U. Jurassic, unillustrated M. Jurassic records of Gotp-
russ’ species in TEROUEM and Jourby (1869), Botro-Micca
(1893) and Barsurrscu (1961, 1971), together with Greco’s
(1898) poorly illustrated record, can be ascribed with some
confidence to E. (E.) corneolnm. The specimen (GPIT
4-74-10; PL. 1. Fig. 11) figured by QuensTenT (1852) as *Pec-
ten’ cingulatns (accorded the name ‘P.” cornutus by Quens
TebT in 1858) has extremely extended auricles on the night
valve and in this respect resembles Propeamussium (P.)
lacviradiatim (see however p. 29). It is possible (see p.
41) that some of the specimens referred to D'ORBIGNY'S
(1850) replacement specific name (‘P.” Proetens) for Toarcian
‘P’ cingulatus may belong w E. (E.) corneolum and
WinnT's (1971) record from the Aalenian and Bajocian of Sic-
ily almost certainly refers to the latter species.

‘P." Renevierr OrreL was erected for an unfigured speci-
men Irom the Bajocian of S. Germany said to generally re-
semble ‘P." cingulatns but to diller by stronger comarginal
ornament., The density of the latter (12 per half inch) is proba-
bly too high to suggest that ‘P.” Renevieri i1s an exceptionally
carly representative of E. (E.) orbiculare and a specimen
(GPIT) from the same stage and region, referred to Ovrer’s
species by Staesche (1926), appears to be a form of E. (E.)
corneolrn m which growth has been periodically halted, re-
sulting in a regular arrangement of strong growth lines.

‘P Phillipsu Voutz proposed, like ‘P.” cngulatus Gorp
tuss, for 2.7 sp. Prities and applied to untigured Bathonian

specimens from E. France, is almost certainly referable to E.
(E.) corneolnm. Tt should be noted that Vou1z’s species (pub-
lished in 1833) becomes a senior objective synonym of Gorp-
russ’ species if the latter is taken 1o include the original of
‘P.7 sp. Pritiirs (see above). 11 should be further noted that
following the ambiguous statement in Gorpruss many au-
thors (e. g. QuenstenT, 18525 TerRQUEM and Jourpy, 1869;
Grrco, 1898) have incorrectly ascribed the authorship of
‘P angulatus to Priities (1829).

In the interests of brevity unfigured secondary records of
synonymous and probably synonymous species which are of
no relevance to Sections 4-10 are excluded from the
synonymy. They may be found in the following works: for
‘P.’ corneolus, Cruannon (1950); for ‘P.” demissus, Bran
(1839), QuensTEDT ([843), D'OrBIGNY (1850), v. SEEBACH
(186+4), ScHrwer (1888), Paris and RicHarpson (1916), RoMan
(1926), Barsurrscu (1971); for ‘P.° disciformis, v. Buch
(1839), Ovrer (1858),, v. SrepacH (1864), WaAGen (1867),
DeninGER (1907), Lanouing (1929), Barsurescu (1961); for
P vitrens, vE Lorior (1894, 1901, 1904), Sokorov and
Boovrevsky (1931); for ‘P solidus, v’OrsiGNY (1850), AR-
kiil (1926); for ‘P. spathulatus, Trrouem and JourpDy
(1869), Barsurescu (1971); for ‘P.” silenss, Forsich (1971);
for ‘P.” Gingensis, DENINGER (1907), Lanouing (1929); for
‘P.> Renevieri, Rotrier  (1911), Forsicu  (1971);  for
‘P." Nicolets, Sitmiranzgi (1893); for “P.° Valauryense, D
CHASEAUX (1936).

5. STRATIGRAPHIC RANGE

The earliest records of E. (E.) corncolum are provided by
six specimens (GPIG) from the Toarcian of Esch, Luxem-
bourg which lack a byssal notch, have high H/UA ratios and
exhibit the large auricles (Pl 1, Fig. 25) typical of the species.
IFrom the ironstone matrix it is reasonable to conclude that the
specimens are derived from the U. Toarcian stratain the area.
A specimen (GPIG) from the same horizon at Heiningen,
S. Germany has the ovate form more characteristic of E. (E.)
corneolum than E. (E.) lunare while two specimens from the
U. Toarcian of Somerset (BM L42004, 1.74597) and a further
specimen from undifferentiated Toarcian in Warwickshire
(BM 66789) have the high H/UA ratios typical of E. (E.) cor-
neolum. A number of poorly preserved specimens from un-
differentiated Lias in S. America (GP1G) have anarrow form
highly reminiscent of E. (E.) corneolum. Specimens trom the
Toarcian which have poorly preserved auricles and which
therefore cannot confidently be assigned to a species are pre-
fixed by a question mark in text fig. 32. Bibliographic records
from the Toareian of species which are considered herein to be
synonymous with E. (E.) corneolum are all equivocal (see
Section 4). However, it is perhaps worth noting that Dumor-
TiER’s (1869) and Brrver and GeYer's (1966) citations are of
specimens from the Bifrons Zone (L. Toarcian).

E. (E.) corneolum becomes common and locally abundant
in the Aalenian and contnues thus until the uppermost Juras-
sic (Trautscrorp, 1862; e Lorior and Periat, 1875; YiN,
1931; ?Kitian and GuesHarp, 1905). Specimens from the
U. Volgian of Moscow (GPIG; Borissiak and tvanorg, 1917)
probably indicate that E. (E.) corneolum survived into the
Cretaceous.
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Text fig. 36:  Entolium (E.) corneolum — European distribution.

6. GEOGRAPHIC RANGE

Unequivocal Toarcian records of E. (E.) corneoluwm are re-
stricted to Europe (text fig. 36) and the same may also be true
in the Aalenian; WanDeL’s (1936) record from that stage in the
E. Indies being of an unfigured specimen which was merely
compared with PriLLips’s synonym (‘P.” demissus) of E. (E.)
corneolim. Subsequently the species spread to many parts of
the world resulting, by the U. Jurassic, in a palacolatitudinal
range approaching 100° (text fig. 37). Outside Europe E. (E.)
corneolum is, however, only known to be common in the Ba-
jocian of the Andes (Tornouist, 1898) and the Oxfor-
dian/L. Kimmeridgian of E. Greenland (Srath, 1935) and
the species is notably absent from the U. S. Western Interior
where the reduced diversity fauna, in which Camptonectes is
the only common pectinid, is suggestive of high environmen-
tal stress (Harram, 1975a). McLearN's (1924) record of com-
mon specimens from undifferentiated Jurassic in Alberta may
well be from the Callovian, bearing in mind Fresorp’s (1957)

use of McLEARN’s synonym (E. leach:) of E. (E.) corneolum
for specimens from that stage.

7. DESCRIPTION OF ECOLOGY

E. (E.) corneolum first occurs commonly in the chamosite
oolites of the Northampton Sand Ironstone (Aalenian;
Opalinum zone) where it reaches a maximum height of
53 mm (author’s collection) and is associated with a diverse
bivalve fauna (see p. 26) including Propeamussinm (P.)
pumilum but lacking P. (P.) laeviradiatum. In a similar
sedimentary and faunal association in the Murchisonae zone
of S. Germany E. (E.) corneolum is abundant and reaches a
maximum height of 58 mm (GPIT) while in the Aalenian of
Lorraine the species is common in chamosite oolites of the
Opalinum zone and reaches a maximum height of 90 mm
(NM) inironshot sediments probably of the Concavum zone.
E. (E.) corneolum occurs in a variety of limestones (including

Text fig. 37:  Entolium (E.) corneolum —

World distribution (Callovian reconstruction).
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those bearing corals [CHan~oN, 1950]) in the Aalenian of the
Cotswolds (reaching a maximum height of 49 mm [OUM
J34471]) and near Yeovil it occurs commonly in ironshot ool-
ites. In similar sediments in Provence E. (E.) corneolum
reaches a maximum height of 74 mm (Lanouing, 1929).

In the L. Bajocian of S. Germany E. (E.) corneolum attains
a maximum height of 40.5 mm (GPIT) and is particularly
abundant in the Blaukalke, a sandy limestone (Starschr,
1926). Specimens from the Sowerbyi-Banke which are retera-
ble to the possibly synonymous species ‘P." Gingensis QUEN-
STEDT (see Section 4) attain a maximum height of 87 mm
(GPIT) but specimens which are definitely referable to E. (£.)
corneolum attain a maximum height of 90 mm (YM 531) in
the contemporaneous Millepore Bed, a sideritic sandstone in
Yorkshire (fauna p. 123). Only one specimen (GPIG) is
known from the relativelv restricted fauna (indicative of
lower environmental stability) in the somewhat later Scar-
borough Beds of the same area. In the L. Bajocian of E.
France E. (E.) corneolum occurs quite frequently in inter-reef
biosparites and biomicrites (Hatram, 1975b).

In the U. Bajocian of S. Germany the species is reported to
be abundant (StarscHE, 1926) and reaches a maximum height
of 41 mm (GPIT). ttis also common in condensed ironshot
oolites in Normandy while contemporancous specimens
from limestones in the Cotswolds are common and attain a
maximum height of 71 mm {BM LL15). The species is re-
ported to be common in Bajocian dolomitised oolites in the
Maritime Alps (KiLian and GuuesHarp, 1905).

Records of common L. Bathonian specimens of E. (E.)
corneolum are restricted to the Maconnais (Lissajous, 1923)
and the species is not known to be common again until the
uppermost Bathonian (Discus zone) when it is found in the
shell fragment limestones of the L. Cornbrash in England
(fauna p. 128), attaining a maximum height of 55 mm (OUM
J7135). All the specimens cited by Cox and ArkeLL (1948)
from the marginal marine facies of the Bathonian in central
England appear to be representatives of Camptonectes (M. ].
BraDsHAW, pers. comm., 1977) and the majority of Bathonian
records of E. (E.) corneolum are in fact concentrated in cen-
tral and southern Europe (text figs. 36, 37).

In the L. Callovian (Macrocephalus zone) £. (E.) cor-
neolum is abundant in the chamosite oolith-bearing lime-
stones of the U. Cornbrash in Yorkshire and attains a max-
imum height of 55 mm (SbM H 73.4). In the immediately
overlying Shales of the Cornbrash the spectes is reported to be
abundant (J. WricHT, 1977) but all specimens discovered by
the author have been small (H: <30). 1n the same area similar
specimens (Hpay: 36.5; BM 47433) are fairly common in the
low diversity benthic fauna (see p. 208) of sandstones form-
ing the Kellaways Rock (Calloviense zone) and chamosite
oolites forming the Hackness Rock (U. Callovian; Athleta
and Lamberti zones) both of which were probably deposited
very near shore (J. WriGHT, 1978). Small specimens also oc-
cur in the more basinal non-bituminous shales of the L. and
M. Callovianin E. Scotland and U. Callovian of E. England
(Dure, 1978). However, in the predominantly bituminous
shales of the L. and M. Callovian in the latter arca E. (E.) cor-
neolum isnot only small but is restricted to a subordinate role
in shell beds which contain, in comparison to contiguous de-

posits, a relatively high proportion of suspension feeding
bivalves (Durr, 1975). Kiian and GuisHARD (1905) report the
species as common in thin-bedded limestones containing
numerous suspension feeding bivalves in the Callovian of
S. France while Lewinski (1908) reports common examples in
marls of the same age in Poland.

RorDER (1882) reports common E. (E.) corneolum in the

L. Oxfordian “Terrain i Chailles’ of Alsace (fauna pp. 88, 208)

and Prron's (1905) record of common Oxfordian specimens

from the same area may well be from this horizon rather than

the coral-bearing limestones of the U. Oxfordian. However,

the latter facies seems to support fairly common E. (E.) cor-

neolum in the Swiss Jura (D LorioL, 1893) where the species
reaches a maximum height of 77 mm (pe Loriot, 1895). Simi-
lar sediments in the Oxfordian of N. Germany (ROEMER,
1836) and England (ArkeLL, 1930a; BroowriEeD, 1978) also
contain E. (E.) corneolim up to amaximum height of 80 mm
(YM 560). However the species is not particularly common,
forming no part of the trophic nuclei of any of FogrsicH’s
(1977) faunal associations, and according to ARsELL (1928) it
is largely restricted to inter-reef biosparites. Specimens from
Oxfordian marls and biomicrites in S. Germany reach a max-
imum height of only 21 mm (GPIT) but if Nrrzorouros’
(1974) information is taken to refer to E. (E.) corneolum (see
Section 4) the species is fairly common in an otherwise sparse
benthic fauna. In similar sediments in the Kimmeridgian of
the same area E. (E.) corneolum attains a maximum height of
28.5 mm (GPIT) but here, as in other occurrences in the
stage, there is no evidence of anything more than a few speci-
mens although the species is widespread (text fig. 36). Aniso-
lated specimen from unknown facies in Russia has a height of
45 mm (BM L4170). E. (E.) corneolum is absent from Ox-
fordian sands in Normandy, (CHavan, 1952), together with
Kimmeridgian marls in N. W. Germany (Huckriepe, 1967)
and limestones in Poland (AuTH, 1882) where the presence of
euryhaline bivalve generaand paucity of ammonites is sugges-
tive of abnormal salinities. By contrast, in the L. Tithonian
ammonite-bearing marly limestones of the last area E. (E.)
corneolum is very common (Lewrvskl, 1923). In the
M. Tithonian (Pectinatus zone) near Oxford E. (E.) cor-
neolum is also very common, reaching a maximum height of
57 mm (OUM J14519). Many specimens have somewhat low
H/UA ratios as in the co-occurring Camptonectes (C.) an-
ritus. E. (E.) corneolum occurs with E. (E.) orbiculare in the
U. Jurassic of Moscow (GPIG) and Spitzbergen (SokoLov
and Bopyievsky, 1931).

The wide variety of sediments in which E. (E.) corneolum
is found in large numbers, of which all known Furopean ex-
amples are described above, is also occupied by somewhat
fewer individuals at many other horizons in the M. and U.
Jurassic. However, the low diversity faunas of basinal argil-
laceous sediments in the peri-Mediterranean region do not
appear to contain E. (E.) corneolum except possibly in the
U. Jurassic of E. Spain where Benmer (1970) records as the
most common fossil the questionably synonymous species E.
angulatum (see Section 4). All other records from the region
are either from faunally rich neritic facies or from somewhat
reduced diversity, condensed, fine-grained swell facies where
the species seems to be small in size (e. g. Botro-Micca,
1893).



8. INTERPRETATION OF ECOLOGY

If assessed in terms of its abundance it is clear from Section
7 that E. (E.) corneolum was a remarkably eurytopic species
with respect to substrate. Certain clay-grade sequences where
the low density and diversity of other suspension feeding
bivalves is indicative of high turbidity or soupy substrates
seem to have constituted the only unfavourable environments
and even these E. (E.) corneolum may have been able to col-
onise in large numbers locally. However, if assessed 1n terms
of its size it is clear that expanded sequences of argillaceous
sediments did not provide the most suitable substrates for £.
(E.) corneolum, individuals from such facies being always
smaller than those from contemporaneous deposits of
arenaceous grade. In the latter the large size of specimens
from sequences where the precipitation of siderite and
chamosite is indicative of slow sedimentation suggests that the
development of firm substrates and low turbidity was condu-
cive to rapid growth and the attainment of large size. Further
support for the importance of the last factor is provided by the
occurrence of large specimens in arenaceous sediments close
1o coral reefs, the growth of which is inhibited by high turbid-
ity. The high environmental energy associated with arenace-
ous sedimentation was, by the evidence of the reduced size of
specimens from expanded compared to contemporaneous
condensed sequences, apparently insufficient on its own to
promote rapid growth. In fact, the relatively reduced H/UA
of specimens from an expanded sand sequence in the
M. Tithonian suggests that growth was actively retarded in
such sequences. In the lack of any M. Tithonian occurrences
of E. (E.) corneolum from condensed facies, it is impossible
1o rule out the possibility that the H/UA decrease is a phyletic
effect (see Section 10). However, the parallel change in the
ecologically distinct but co-occurring Camptonectes (C.) au-
ritus argues strongly for stunting. The relative abundance of
medium to small spectmens in this and other expanded
arenaceous and argillaceous sequences need not be viewed as
evidence against stunting (see p. 124 and Harram, 1965).

In contrast to 1ts considerable substrate eurytopy E. (E.)
corneolum seems to have been unable to tolerate environ-
ments where the low faunal diversity is indicative of abnormal
salinity or the more general instability of marginal marine
situations. Sequences which were largely deposited under
conditions of reduced oxygen tension were only colonised,
and then rarely, at horizons where the development of shell
beds suggests a brief replacement of stagnant by more acitve
and oxygenated conditions.

There is no evidence for any competitive reaction with the
morphologically very similar species E. (E.) orbiculare, nor
with Propeamussium (P.) pumilum and P. (P.) nonarinm.
However E. (E.) corneolum 1s very rarely found with P. (P.)
laeviradiatum despite the favourability for the former species
of the condensed facies to which the latter is restricted. It
seems likely that a similar mode of life (see Section 9) may
have led to mutual competitive exclusion.

Very close Recent morphological analogues of E. (E.) cor-
neolum are described on p. 45).

9. FUNCTIONAL MORPHOLOGY

Apart from the absence of a byssal notch £. (E.) corneolum
1sin all relevant aspects of morphology identical to E. (E.) lu-

55

nare. A similar mode of life, differing only by the lack of a
byssate juvenile phase, can therefore be inferred (see p. 45).
E. (E.) corneoluwm has a lower rate of increase in umbonal
angle so swimming ability may have been somewhat impaired
at large sizes. The small maximum size of individuals colonis-
ing soft argillaceous substrates is adaptive in that it minimises
sinkinginto the substrate. Stunung, withits implication of in-
adaptiveness, may therefore be an inappropriate term to apply
to the development of small size in such environments (see
Section 8).

10. ORIGINS AND EVOLUTION

E. (E.) lunare is the only known candidate for the ancestor
of E. (E.) corneolum in the Jurassic. All the differences dis-
played by the latter species can be explained by the hetero-
chronic alteration of the ontogeny of the former. However,
simultaneous retardation (for H/L, Ig/L, HAA/L and AH/L)
and acceleration (for H/UA and the lack of a byssal notch) of
the development of the components of shape with respect to
size would have to be invoked and it is by no means certain
whether such a situation could arise in a single speciation ev-
ent. It may be that an as yet undetected species is the direct an-
cestor of E. (E.) corneolum.

Theundoubted existence of ecophenotypic variation in size
and the lack of adequate collections from any one facies
throughout the stratigraphic range of E. (E.) corneolum
makes for great difficulty in assessing phyletic changes in size.
Specimens lumped together from all arenaceous facies exhibit
an overall, albeit oscillatory, decrease in size from 90 mm
(Aalenian) to 90 mm (L. Bajocian) to 71 mm (U. Bajocian) to
55 mm (U. Bathonian) to 55 mm (L. Callovian) to 80 mm
(Oxfordian) to 57 mm (M. Tithonian) and this is corrobo-
rated, for at least part of the stratigraphic range, by a consis-
tent reduction in size in condensed arenaceous facies from the
Aalenian to the L. Bajocian to the L. Callovian (values as
above). The reduced H/UA observed in some M. Tithonian
specimens may not extend to other populations and so cannot
definitely be considered as a phyletic effect, especially in the
light of a plaubsible alternative explanation in terms of re-
duced growth rate (see Section 8).

Entolium (Entolium) orbiculare (J. Sowrrpy 1817)
Pl 1, Fig. 19; text figs. 38—42

Synonymy

1817 Pecten orbicularis sp. nov; ]. SONERBY, p. 193,
pl. 86.

2 1829 Pecten sp; PHILLIPS, pl. 5, fig. I1.
pv? 1836 Pecten cingulatus sp. nov; GOLDFUSS, p. 74, pl. 99,
figs. 3a, 3b.
? 1837 Pecten concentricus sp. nov; KOCH and DUNKER,
p- 43, pl. 5, fig. 8.
v*? 1840b  Pecten partitus sp. nov; J. DE C. SOWERBY, p. 328,
pl. 22, figs. 5, 5a.
1843 Pecten nummulanis sp. nov; G. FISCHER, p. 135,
pl. 5, fig. 4.
(?) 1850 Pecten partitus ]. DE C. SOWERBY, D'ORBIGNY,
Vo llo B 358
1850 Pecten nummularis G. FISCHER; D’ORBIGNY, v. |,
p.373.
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1852

1864

1866

1869

1874

1876
1881

1883

1885

1891

1893

1893

1893

1910

1910
1911

1912

1917

1923

1926

1926

1931

1936

1936

1936

1951

1952

1961

1964

1965

1965

1966

1970
1971

Pecten angnlatns GOLDFUSS; QUENSTEDT, p. 506,
pl. 40, fig. +1.

Pecten concentricus Koch and DUNKER: V. SEE-
BACH, p. 100.

Pecten denussus PHILIPS; LINDSTROM, p. 14,
pl. 3. figs. 9, 10 (non PHILLIPS sp.).

Pecten  cingulatus  GOLDIUSS; TERQUEM and
JOurDY, p. 127.

Pecten polylasnutes sp. novi GFMMFLLARO and
DI BLast, p. 137, pl. 3, fig. 18.

Pecten Pilatensis sp. nov; FAVRI, p. 65, pl. 7, fig. 3.
Pecten vitrens ROFMER; DF LORIOL, p. 93, pl. 13,
figs. 3-5 (non ROFMEFR sp.).

Pecten denissus PHILLIPS; LUNDGREN, p. 16, pl. 2,
fig. 12 (non PHILLIPS sp.).

Pecten (Amnsim) Pilatensis FAVRL; NICOLIS and
PARONA, p. 45.
Pecten concentricus
BLHRENDSEN, p. 416.
Pecten (Entolium) theodosianus sp. nov; RET
OWSKI, p. 283, pl. 14, lig. 23.

Pecten (Entolusm) erraticus sp. nov; FIEBELKORN,
p. 400, pl. 14, fig. 12.

Pecten (Entolmm) cingulatus GOLDFUSS; BOTTO-
Micca, p. 174

Pecten Stewartianus sp. nov; LUNDGREN, p. 198,
pl. 3, fig. 12.

Pecten (Entolinm) angulatus GOLDFUSS; GRECO,
p. 109, pl. 8, figs. 30, 31.

Pecten (Entoliwm) gothiens sp. nov; KRAUSE,
p- 256, pl. 4, figs. 6, 7.

Pecten (Entolium) cingulatus GOLDFUSS; RAVN,
p. 46+, pl. 33, fig. 7.

Pecten erraticsts FIEBELRORN; RAVN, p. 464.
Pecten (Entolium) angnlatus GOLDFUSS: RoL-
LIFR, p. 263.

Chlamys (Syncyclonema) Briconensis COSSMANN;
COSSMANN, p. 3, pl. 1, fig. 20.

Pecten vitrens ROFMER, BORISSIAK and 1VANOIF,
p-8.pl. I, fig. 4 (non figs. 1, 2, 12, 16; non ROEMFR
Sp-).

Syncvclonema masticonense sp. nov: LISSAJOUS,
p. 166, pl. 30, fig. 6.

Entolium  cmgulatum  (GOLDFUSS); STALSCHE,
p-93.pl. 4, figs. 3, 4.

Entolinm aff. solido (ROEMER); STAESCHE, p. 103,
pl. 3. figs. 13=15 (non ROFMER sp.).

Pecten  (Entolium) monmularis  G.  FISCHER;
SoxroLov and Bopyievsky, p. 51, pl. 8, fig. 1.
Entolium angulatus (GOIDEUSS); DECHASFAUN,

KocH and  DUNKER;

p. 60.

FEntoluon  masticonense  (L1ssajous); DECHAS-
EAUX, p. 63.

Entolrem  nurvmudaris (G. FISCHER); SPATH,

p- 103, pl. 41, figs. 9, 10a—c, pl. 42, figs. 11a, 11b.
Entoliwm cngulatm (GOtbEUSs); TROEDSSON,
p. 217, pl. 20, figs. 1-3, pl. 21, figs. 11, 12.
Entolum partitwon (J. DE C. SOWERBY); COX,
p. 35, pl. 3, figs. 11-13.

Entoluem cingulatnm (GOLDFUSS); BARBULESCU,
PRZ02%

Entolunm cingulatiom (GOLDEUSS); WELLNHOFER,
p- 35, pl. 1, figs. 28-30.

Entolium briconense (COssMANN); COX, p. 51,
pl. 6, fig. 6.

Entoliem cngulatnm (GoLDrUss); Cox, p. 52,
pl. 6. fig. 5.

Entolivm nummulare (G. FISCHER); ZAKHAROV,
p. 35, pl. 5, fig. 3, pl. 6, figs. 2-6.

Entolinm cingulatim (GOLDEUSS); BEHMEL, p. 62.
Entolium (Entolizm) orbiculare (J. SOWERBY):
DroONDT, p. 8, pl. 1, figs. 1a, 1b.

non /971 Entolium cingulatm (GOLDFUSS); BARBULESCU,
1 277
21971 Entolium of. angulatum (GOLDFUSs); WENDT,
p. 160.
21972 Entolium sp. aff. partitwn (J. DE C. SOWERBY);
Havami, p. 199, pl. 34, fig. 9.
1974 Entolinm nunmmulare (G. FISCHFR); ZAKHAROV
and MESEZNIKOV, p. 140.
21974 Entolium  eingulatum (GOLDFUSS); NITZOPOU-
LOS, p. 46.
1977 Entohum (Entolinm) orbiculare (J. SOWERBY);
KF1LY, p. 66, pl. 4, figs. 1-10.
21978 Entolium sp. A; Durk, p. 64, pl. 5, figs. 7-10,

12,13, 17.

The holotype (M) of Pecten orbicularis
J. Sowrrey 1817, p. 193, pl. 86 has not been
located in the Sowersy Collection at the BM
and is probably lost. It was derived from the
U. Greensand (Albian) of Devizes, Wilt-

shire.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘Orbicular, much depressed, concentrically striated; striae
elevated, sharp; one valve smooth; ears nearly equal, broadest
at the base.

A thin tender shell; the striae are many, a line distant from
each other; the length and breadth are equal; the ears rather
large.

One of the tender products of the green sand of the Devizes
canal, preserved by Mrs. GenT. [tappears to be infrequent, as
I have seen but one individual.’

2. AMENDED DIAGNOSIS

Distinguished from E. (E.) corneolum and E. (E.) lunare
by the presence of regular comarginal grooves on the right

val\'e.
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Text fig. 38:  Entolium (E.) orbiculare - height/length.
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3. AMENDED DESCRIPTION

Essenually very similar to £. (E.) corncolum. Ditfering
only by the diagnostic comarginal grooves (see Section 2)
which are situated atintervals of between 1 and 4 mm (K11 v,
1977), by the smaller maximum height (54 mm; IGSR. 27/06)
and by the somewhat lower mean H/L, H/UA and /L (text
figs. 38—0).
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Text fig. 39:  Entolinm (E.) orbiculare — intersinal distance/length.

4. DISCUSSION

The earliest specific name erected for the species described
in Secuon 3, ‘Pecten’ orbicularis §. Sowerey, was founded on
a Cretaceous specimen and most subsequent records of
J. Sowerey’s species have been from that period. For
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synonymy lists of Cretaceous E. (E.) orbiculare and
synonymous species, reference should be made to Dronot
(1971) and Kewiy (1977).

The figure of ‘P.” nummularis G. Fischer depicts a shell
which lacks the comarginal grooves diagnostic of E. (E.) or-
biculare. However, the description specifies such ornament
thus the figure probably illustrates the smooth left valve of the
latter species. Only Jurassic records of G. Fischrr’s species
are included in the synonymy. Cretaceous records may be
traced through DronoT (1971) and KeLLy (1977). Teshould be
noted that some subsequent authors (e. g. D’ORBIGNY, 1850;
ZAKHAROV, 1966) have attributed ‘P.” numminlaris incor-
rectly to PritLies while SokoLov and BopyLevsky (1931) have
attributed the name to D’ORBIGNY.

The figure of “P.” concentricus Koct and Dunkir, from
the Kimmeridgian/Tithonian of N. Germany, depicts a
specimen lacking a byssal notch and with strong comarginal
ornament as in E. (E.) orbiculare. However, H/L and H/UA
(1) are extremely high and although this could be due to bad
drawing, the fact that v. SersacH (1864) and BEHRENDSEN
(1891), both of whom may well have examined the type mat-
erial, have attributed specimens with radial ornament to
‘P.” concentricus, suggests that Kocx and Dunkzr’s figure is
more probably of a left valve of Camptonectes (Campto-
chlamys) obscurus.

J. de C. Sowrrsy’s (1840b) figures of ‘P.” partitus from the
probable Callovian (Cox, 1952) of Cutch (India) reveal quite
strong comarginal ornament, as in the right valve of £. (E.)
orbiculare. However, the syntypes (BM R. 9960) do not ex-
hibit such ornament and although one has I/L (2) within the
range of E. (E.) orbiculare they are too poorly preserved to be
specifically determinate. Cox (1952) has figured topotype
specimens which show comarginal grooves similar in form to
those of E. (E.) orbiculare but the apparent lack of smooth
valves suggests that they comprise both right and left valves of
aspecies which, unlike E. (E.) arbiculare, is comarginally or-
namented on both valves (cf. ‘Syncyclonema’ masticonense

604
2 (o}
] C
c ¢
-]
40+ c &
©
v v
H A c
® v ¢ e
i c
20 -
.
[ J
v
7, ‘
T T T T T 1 T T T T 1 T T T T T T T L Al T R T 1
80 30 100 10 120 130

UA

Text fig. 40:  Entolinm (E.) orbiculare — height/umbonal angle.
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below). Havamr's (1972) record of a form from the Toarcian
of Vietnam having affinities with J. de C. Sowrrey’s species is
based on aspecimen which is too poorly preserved to be spec-
ifically determinate.

‘P.’ polylasmites GemMrLLARO and D1 Brast from the Titho-
nian of Sicily was founded on two specimens with regular
comarginal ornament and no byssal notch. Both were said to
be left valves but if this is the case the figure indicates that PH
must be greater than AH, a situation unknown in other pec-
timids. 1t seems much more likely that the specimens are right
valves which are thus very similar in ornament to the corres-
ponding valve of E. (E.) orbiculare. Metric proportions (3)
are indistinguishable.

‘P.” (E.) theodosianus Rrtowskl from the Tithonian of the
Crimea is reported to be known only from left valves thus the
strong comarginal ornament of the figured specimen cannot
indicate any relationship with E. (E.) orbiculare. However,
since Rrtowski states that a byssal notch is absent in his
species right valves must have been available and it is thus pos-
sible that the comarginal ornament is limited to these speci-
mens as in E. (E.) orbiculare. Nevertheless, H/UA (4) of the
figure is somewhat low for the latter species.

‘P."(E.) erraticus FiesrLkorN and ‘P.° (E.) gothicus Kraust
from the German Kimmeridgian both have the comarginally
grooved right valve of E. (E.) orbiculare. 1/L (5) of the figure
of the former is somewhat high but this could be due to inac-
curate reproduction. H/L and H/UA are indistinguishable
from E. (E.) orbiculare.

The figure of ‘Chlamys’ (‘Syncyclonema’) Briconensis
Cossmann; CossMaNN (1912) from the Callovian of France re-
veals strong comarginal ornament, as in the right valve of E.
(E.) orbiculare, but the description specifies unequal auricles,
which may serve to differentiate the species. Unfortunately
the degree of auricle asymmetry cannot be assessed because of
the poor preservation of the figured specimen. Cox’s (1965)
record of CossmMaNN's species from the same horizonin E. Af-
rica i1s based on a similarly poorly preserved specimen. Coss-
MANN's original description and figure (1907¢) has proved im-

possible to trace. The auricles of °S.” muasticonense Lissajous,
a species from the U. Bajocian and L. Bathonian of France
which was compared with Cossmany’s species, are somewhat
better preserved and seem to be entolioid in form. The comar-
ginal ornament of the right valve is indistinguishable from that
of E. (E.) orbiculare but that of the left valve, said to consist
of lametlose comarginal striae, may serve to differentiate the
species.

The questionably synonymous species ‘P." angulatus
Gotpruss (and secondary references thereto) 1s discussed un-
der E. (E.) corneolum.

The remaining questionable references listed in synonymy
are discussed under E. (E.) corneolum (for Favre, 18765 pE
Loriow, 1881; StaEscHE, 1926) and E. (E.) lunare (for PHiL-
Lips, 1829; LinDsTROM, 1866; LUNDGREN, 1883, 1895; Boris-
siak and IvaNnorr, 1917; Durr, 1978).

5. STRATIGRAPHIC RANGE

KELLy (1977) states that specimens from the Kimmeridgian
(e. g. 1GS Y1624, Y1625; GPIG; MNR; FiepeLkorn, 1893;
Krausr, 1908; Sokorov and BopyLevsky, 1931; ZAKHAROV,
1966, 1974) constitute the earliest records of E. (E.) orbicul-
are. In fact, Sokorov and Bopyrrvsay (1931) record the
species from the Oxfordian of Spitzbergen, p’OrsiGNY (1850)
records it from the Oxfordian of various localities in France
and Russia and univalved comarginally grooved museum
specimens [rom the same stage in England (BM L66462),
Germany (GP1G) and France (MNS) probably constitute
further records of the species. Bibliographic records in Prir-
Lips (1829), Favre (1866), Nicors and Parona (1885), Rot-
LIER (1911), STaEscHE (1926), BenyvrL (1970), WenDT (1971)
and Nrtzoroutros (1974) may also refer to Oxfordian exam-
ples of £. (E.) orbiculare (see Section 4). Earher records (in
the Callovian: J. pe C. SowEersy, 1840; D’OrsIGNY, 1850;
Cossmany, 1912; Cox, 1952, 1965; Durr, 1978; in the Bajo-
cian and Bathonian: Lissajous, 1923; DecHasEauN, 1936; in
the Toarcian: Havami, 1972) are restricted to questionably
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Text fig. 41:  Entolium (E.) orbiculare — European distribution.
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Text fig. 42:  Entolium (E.) orbiculare — World distribution (Tithonian reconstruction).

synonymous species and until pre-Oxfordian bivalved speci-
mens with smooth left valves and comarginally ornamented
right valves are discovered it is probably best to say that the
firstappearance of E. (E.) orbiculare isinthe U. Jurassic. Itis
possible that another species with comarginal grooves on both
valves may have existed in the M. Jurassic {(see Section 4).

In the Oxfordian and Kimmeridgian E. (E.) orbiculare is
only known to be common in Spitzbergen (Sokorov and
Bopyrevsky, 1931). Subsequently in the Jurassic it is not
known to be common anywhere. Ketiy (1977) reports the
species as abundant in the M. Volgian (= M. Tithonian) to
Ryazanian (Cretaceous) of E. England and DuonoT (1971)
states that E. (E.) orbiculare is known until the Turonian.

6. GEOGRAPHIC RANGE

The distribution of E. (E.) orbiculare in the Jurassic is dis-
unctly Boreal records south of a
palacolatitude of about 25°N (text figs. 41, 42).

with no certain

7. DESCRIPTION OF ECOLOGY

In Spitzbergen, SokoLov and Bopvyievsky (1931) record
common E. (E.) orbiculare in association with E. (E.) cor-
neolum inU. Oxfordian to L. Kimmeridgian black shales. In
E. Greenland SeatH (1936) records E. (E.) orbiculare with a
height 0f42.5 mm from U. Tithonian (‘Portlandian’) glauco-
nite sands and similar sediments are probably the source of a
number of specimens from the L. Volgian (=~ L. Tithonian)
of the Moscow area where E. (E.) corneolum also occurs. Ac-
cording to KerLy (1977) the same sedimentary facies is domi-
nated by E. (E.) orbiculare in the Spilsby and Sandringham
Sands (M. Volgian to Ryazanian) of E. England. Current
aligned specimens in the stable, convex up, position consti-
tute between 51 and 57 % of the total fauna. In the remainder,
the deep burrowing bivalves Plenromya and Pholadomya are
quite common elements. In finer grained sands whose fauna

contains a higher proportion of byssate and cemented bivalves
indicating deposition under lower energy conditions, E. (E.)
orbicilare constitutes only 28 %% of the total fauna. The max-
imum height attained in the sequence is 55 mm (IGS R27/06).

8. INTERPRETATION OF ECOLOGY

The variations in abundance of E. (E.) orbiculare in the
Spilsby and Sandringham Sands suggest that the species
favoured high energy environments. However, the relatively
greater abundance in coarse, high energy sands could
merely be due to post-mortem winnowing out of small ele-
ments of the fauna to leave concentrations of E. (E.) orbicul-
are in such sediments. By adopting a view that the species
was, in fact, eurytopic with respect to environmental energy
the otherwise anomalous occurrence of E. (E.) orbiculare in
black shales in Spitzbergen is reasonably explained.

There is no evidence of any competitive reaction between
E. (E.) orbiculare and E. (E.) corneolum.

9. FUNCTIONAL MORPHOLOGY

Since E. (E.) orbiculare is in all important aspects of mor-
phology identical to E. (E.) corneolum a similar reclin-
ing/swimming mode of life can be inferred. The development
of pronounced comarginal ornament on the right valve ex-
terior represents, at least in the high energy environments oc-
cupied by the species (see Section 8), an improved adaptation
for reclining since it increases purchase on the substrate and
thereby promotes stability.

10. ORIGINS AND EVOLUTION

The most obvious ancestor for E. (E.) orbiculare is E. (E.)
corneolum. However, it should be borne in mind that a sec-
ond species, morphologically very similar to E. (E.) orbicul-
are, may have existed in the M. Jurassic (see Section 4) and
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been a more direct ancestor of E. (E.) orbiculave. Except for
H/L, the slight differences in the metric proportions of E.
(E.) orbiculare in comparison with E. (E.) corneolum (see
Section 3) cannot be explained by heterochrony as the latter
species displays little allometry in the relevant features.

The available data on maximum height (42.5 mm: ‘Port-
landian’, 54 mm: M. Volgian-Ryazanian) is not sufficiently
localised in a stratigraphic sense to allow any assessment ol

possible phyletic changes.

Genus PSEUDOPECTEN Bavie 1878

Type species. M; Bavir 1878, pl. 21, fig. I Pecten
equivalvis J. Sowerey 1816, p. 83, pl. 136, fig. 1; U. Pliens-
bachian, Avallon, E. Paris Basin.

AMENDED DIAGNOSIS

Nearly equivalve to clearly inequivalve; between 12 and 27
radial plicae which are nearly smooth or with spines on RV.
L. Jur.-M. Jur., Eu., N. and S. Am., E. Indies.

DISCUSSION

In his diagnosis Hertirin (1969: N372) stated that
Pseundopecten was nearly equivalve; . (Echinopecten) bar-
batus is, however, distinctly inequivalve. HERTLEIN stated
that about 15 or 16 plicae were present; text fig. 43 shows that
there is at Jeast arange between 12 and 27 plicae. HERTLEIN ex-
cluded N. America from the geographic range; the latter con-
tinent can now be included on the basis of the results of work
presented herein.

Subgenus PSEUDOPECTEN s. s.

AMENDED DIAGNOSIS

Plicae on right valve smooth or some with spines; nearly
equivalve. L. Jur.—M. Jur. (Hettang.-Bajoc.), Eu., N. Afr.,
N. and S. Am.

DISCUSSION

HFrTLEIN (1969: N372) omitted any reference to convexity
in his diagnosis, which consequently does not exclude
Ps. (Echinopecten). He erroneously limited the stratigraphic
range to Sinemurian — Domerian and the geographic range to
Europe.

Within Ps. (Pseudopecten) two groups may be distin-
guished by the presence or absence of high, vertically striated
disc flanks and comarginal striae which tongue down the sul-
ci. Forms possessing these features usually have between 16
and 20 plicae (text fig. 43). However 2 specimens with 13
plicae are known to possess these features and it seems ex-
tremely likely that forms with between 12 and 15 plicae, most
of which are poorly preserved, also possessed them original-
ly. This group has a bimodal plical frequency distribution
with peaks at 14 and 17/18 plicae. Such a distribution is herein
considered to be indicative of two species named, respective-
ly, Ps. (Ps.) veyrasensis and Ps. (Ps.) dentatus. However, the
possibility cannot be entirely discounted thatitis indicative of
a single polymorphic species. Apart from the number of
plicae, forms with between 12 and 15 plicae are virtually indis-
tinguishable from those with between 16 and 20 plicac. How-
ever, in spite of close ecological similarities the two groups are
not congruent stratigraphically (see pp. 79, 75) and this is
most casily interpreted as the result of a specific difference in
the absence of more positive proof for polymorphism.
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Text fig. 43:  Pseudopecten (Psendopecten) — frequency distribution for number of plicae.



Forms without high, vertically striated disc flanks and
comarginal striae which tongue down the sulci have between
16 and 27 plicae (mode 22) and are herein referred to Ps. (Ps.)
equivalvis. Differences in size, umbonal angle and angularity
of the plicae in forms referred to this species can be confi-
dently ascribed to ontogenetic and ecophenotypic variation
(see pp. 64, 71).

Psendopecten (Psendopecten) equivalvis (J. Sowersy 1816)
Pl. 2, Figs. 1, 2, 4-10, ?Fig. 3; text figs. 44-58

Synonymy

v 1816 Pecten equivalvis sp. nov; ]. SOXERBY, p. 83,
pl. 136, fig. 1.
1819 Pecten acuticosta sp. novy; LAMARCK, p. 180.
21820 Pectinites priscus sp. nov; SCHLOTHEIM, p. 222,
1828 Pecten sublaevis sp. nov; YOUNG and BIRD, p. 234,
pl. 9, figs. 9, 10.
1828 Pecten major sp. nov; YOUNG and BIRD, p. 235.
1833 Pecten acuticostatus LAMARCK; V. ZIETEN, p. 70,
pl. 53, figs. 6a, 6b.
1833 Pecten aequivalvis |. SONERBY; V. ZIETEN, p. 68,
pl. 52, figs. 4a, 4b.
1833 Pecten costatulus sp. nov; HARTMANN in V. ZIE-
TEN, p. 68, pl. 52, figs. 3a, 3b.
v 1833 Pecten aequivalvis J. SONERBY; GOLDFUSS, p. 43,
pl. 89, fig. 4.
vnon 1833 Pecten priscus SCHLOTHEIM; GOLDFUSS, p. 43,
pl. 89, fig. 5.
v 1833 Pecten acutiradiatus sp. nov; MONSTER in GOLD-
FUSS, p. 44, pl. 89, figs. 6a—c.
1836 Pecten aequivalvis J. SOWERBY; ROEMER, p. 67.
1836 Pecten acuticosta sp. nov; ROEMFR, p. 68.
1838 Pecten lugdunensis sp. nov; MICHFLIN in 1.Iy-
MERIF, pl. 24, fig. 5.
v 1850 Pecten aequivalvis J. SOWERBY; D'ORBIGNY, v. [,
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v 1850  Pecten priscus SCHLOTHEIM; D’ORBIGNY, v. I,
p. 238.

v 1850  Pecten cephbus sp. nov; D’ORBIGNY, v. 1, p. 238.

v 1850 Pecten acuticosta LAMARCK; D’ORBIGNY, v. 1,
p- 257.

1850 Pecten acntivadiatus MUNSTER; D’ORBIGNY, v. I,
p. 257.

1851 Pectenn acutiradiatus MUNSTER; SCHAFHAUTIL,
p. 410.

1852 Pecten acuticosta LAMARCK; VERNEUIL and COL-
LOMB, p. 112.

1852 Pecten aequivalvis |. SOWERBY; BRONN, p. 208,
pl. 19, fig. 4.

1852 Pecten priscus SCHLOTHEIM; QUENSTEDT, p. 507,
pl. 40, fig. 42.

1853 Pecten acuticosta LAMARCK; CHAPUIS and DEWAL-
QUE, p. 211, pl. 31, figs. 3a—c.

1853 Pectern aequivalvis |. SOWERBY; CHAPUIS and DE-
WALQUE, p. 212, pl. 32, fig. 1.

1853 Pecten aequivalvis ]. SOWFRBY; OPPEL, p. 77,
pl. 4, fig. 11.

1853 Pecten priscus SCHLOTHEIM; OPPEL, p. 78, pl. 4,
fig. 10.

1858 Pecten aequivalvis J. SOWERBY; OPPEL, p. 181.

1858 Pecten sublaevis YOUNG and BIRD; OPPEL, p. 181.

1858 Pecten priscus SCHLOTHEIM; OPPEL, p. [81.

1858 Pecten aequalis sp. nov; QUENSTEDT, p. 78, pl. 9,
fig. 13.

1858 Pecten aequivalvis ]. SOWERBY: QUENSTEDT,
p. 183, pl. 23, fig. 1.

1860  Pecten aequivalvis J. SOWERBY; COQUAND, p. 62.

1863 Pecten priscus SCHLOTHEIM; SCHLONBACH, p. 542.
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Pecten  aequalis QUENSTEDT; TERQUEM and
PIETTE, p. 102, pl. 12, figs. 15-19.

Pecten  acuttradiatus  MUNSTER; DUMORTIER,
pp. 72,217, pl. 48, figs. 5, 6

Pecten priscus SCHLOTHEIM; DUMORTIER, p. 216,
pl. 48, fig. 4.

Pecten  acutiradiatns  MUNSTER; DUMORTIER,
p. 135, pl. 21, fig. 8.

Pecten  acuticostatus  LAMARCK; DUMORTIER,
p. 136, pl. 21, fig. 7, p. 305, pl. 39, fig. 3.

Pecten priscus SCHLOTHEIM; DUMORTIER, p. 138,
pl. 22, fig. 3.

Pecten  aequivalvis |. SOWERBY; DUMORTIER,
p- 298, pl. 42, figs. 16, 17.

Pecten priscus SCHLOTHEIM; BRAUNS, p. 390.
Pecten aequivalvis |. SOWERBY; BRAUNS, p. 391.
Pecten aequivalvis |. SOWERBY; TIETZE, p. 106.
Pecten Hinterhuberi sp. novi TIETZE, p. 107,
pl. 3, fig. 4.

Pecten aequalis QUENSTEDT; TATE and BLARE,
p. 363

Pecten aequvalves ]. SOWERBY; TATE and BLAKE,
p. 363.

Pecten priscus SCHLOTHEIM; TATE and BLAKE,
p. 364.

Psendopecten aequivalvis (J. SOWERBY); BAYLE,
pl. 121, fig. 1.

Pecten Caracolensis sp. nov; STEINMANN, p. 254,
pl. 14, fig. 10.

Pecten acuticostatys LAMARCK; UHLIG, p. 179.
Pecten cf. aequivalvis ]. SOWERBY ; UHLIG, p. 179.
Pecten major YOUNG and BIRD; SIMPSON, p. 165.
Pecten sublaevis YOUNG and BIRD; SIMPSON,
p. 165.

Pecten interstinctus sp. nov; SIMPSON, p. 169.
Pecten rudis sp. nov; SIMPSON, p. 169.

Pecten dichotomus sp. nov; SIMPSON, p. 169.
Pecten aequivalvis ]. SOWERBY; WINKLER, p. 30.
Pecten priscus SCHLOTHEIM; MOBERG, p. 34,
pl. 1, fig. 26.

Pecten Norigliensis sp. nov; TAUSCH, p. 13, pl. 7,
fig. 8.

Pecten  Bodenbender: sp. nov; BEHRENDSEN,
p. 391, pl. 22, fig. 3.

Pecten Johnstrup: sp. nov; LUNDGREN, p. 199,
pl. 3, figs. 13a, 13b.

Pecten priscus SCHLOTHEIM; POMPECK], pp. 773,
776.

Pecten  aequivalvis ]. SOWERBY; POMPECK],
pp- 776, 779.

Pecten acuticosta LAMARCK; POMPECK], p. 776.
Pecten aequals QUENSTEDT; BISTRAM, p. 37,
pl. 3, figs. 4, 5.

Pecten (Chlamys) priscus SCHLOTHEIM: TRAUTH,
p. 92.

Chlamys aequivalvis (J. SOWERBY); LISSAJOUS,
p. 352, pl. 10, fig. 2.

Pecten priscus SCHLOTHEIM; JAWORSKIL, p. 417.
Chlamys (Aequipecten) prisca (SCHLOTHEIM);
COSSMANN, p. 47, pl. 5, fig. 16.

Pecten zigoplocns D1 BLast; Fucint, p. 89, pl. 5,
figs. 13, 14.

Chlamys mcconnelli sp. nov; MCLEARN, p. 46,
pl. 5. figs. 1, 9.

Pecten acutiradiatus MONSTER: DUBAR, p. 259.
Pecten acuticosta LAMARCK ; DUBAR, pp. 275, 282.
Psendopecten aequivalvis (J. SOWERBY); DUBAR,
p. 277.

Aequipecten priscus (SCHLOTHEIM); STAESCHE,
p- 48.

Aequipecten acuticosta (LAMARCK); STAESCHE,
p- 50, pl. 6, figs. 1, 2.



1926 Aequpecten acquivalvss (J. SOVERBY); STAESCHE,
p- 5.

1926 Chlamys aequivalvis (J. SOWERBY); ROMAN,
p- 113,

1929 Pecten (Pseudopecten) acuticosta LAMARCK; LAN-
QUINE, p. 130.

989 Pecten (Pseudopecten) priscis SCHLOTHEIM; LLAN-
QUINE, p. 131.

1932 Pecten (Aequipecten) aequivalvis ]. SOWERBY;
TzAaNKOV and BONCEV, p. 231.

1935 Chlamys sendelbachensis sp. novi KUHN, p. 470,
pl. 18, tig. 32.

1936 Aequapecten priscus (SCHLOTHFIM); KUHN, p. 248,
pl. 9, fig. 6.

1936  Aequipecten acuticosta (LAMARCK): KUHN, p. 248,
pl. 12, tig. 46.

1936 Aequipecten aequivalvis (J. SOWERBY); KUHN,
p. 248, pl. 10, fig. 19, pl. 13, fig. 24.

1936 Aequipecten maxpuliani sp. nov; KUHN, p. 249,
pl. 11, figs. 3a, 3b.

1936 Psendopecten acuticosta  (LAMARCK); DECHAS-
EAUX, p. 59.

1936 Psexdopecten aequivaluvis (J. SOVERBY); DECHAS
EAUX, p. 59.

1936 Aequpecten priscus  (SCHLOTHEIM);  DECHAS-
FAUX, p. 42.

1936 Aequipecten acutradiatns (MONSTER); DECHAS-
EAUX, p. 42.

1942 Aequpecten bu'rrmgz sp. nov; ROSENKRANTZ,

p. 26.

Pecten (Acquipecten) norghensis TAUSCH; Du-

BAR, p. 163, pl. 13, fig. 12.

1951 Pecten aequivalvis J. SOWERBY; TROEDSSON,
p- 219.

1965 Pecten priscits SCHLOTHEIM; DAHM, pp. 27-29.

1965 Pecten cf. acutiradiatns MONSTER; DAHM, p. 27.

1965 Psendopecten aequivalvis (J. SOWERBY); DAHM,
p- 28.

1965 Chlamys  acuticostata  (LAMARCK);  MENSINK,
p-77.

1965 Pecten ucquwalws J. SOWERBY; MENSINK, p. 78.

1966 Aequipecten priscus (SCHLOTHEIM); BEHMEL and
GEYER, p. 28.

19664 Psendopecten prisca (SCHLOTHEIM); C. PALMER,
p- 67.

1966b  Psendopecten equivaluis (J. SONFRBY); C. PALM-
ER, p. 72.

1966b  Pseudopecten prisca (SCHLOTHEIM); C. PALMER,
Do o

1967 Psendopecten priscus (SCHLOTHFIM); BERRIDGE
and IVIMEY-COOK, p. 160.

1972 Psendopecten aequuvalvis (J. SOWERBY); HALLAM,
p. 408.

non 1948

Lectotype of Pecten equivalvis J. SOWERBY
1816, p. 83, pl. 136, fig. 1 designared herein;
BM L79783; Pl. 2, Fig. | herein; H: 79,
L: 85, I;: 48, UA: 128; M. Lias (U. Pliens-

bachian), IIminster, Somerset.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘Lenticular with rounded diverging ribs and many acute
concentric striae; valves equally convex the lower one
smoothest; ears equal.

The ribs vary in proportion; they sometimes equal the
space between them, but are generally less; they are rounded

and the striae are more or less obliterated over them: the
spaces between them are shghtly concave.

Pectens are generically described by Lamarck as iné-
quivalve, wherefore, T suppose, he had not seen any other-
wise; but the present species has both valves nearly if not
quite, equally gibbous; one valve being simply convex, the
other having a trifling reversed undulation near the edge, and
differing but little in the pattern. The auricles have not, as
have seen, been found perfect, they are, however, nearly so,
and they then show an horizontal line on each side of the
beak, with nearly perpendicular lineae or striae. I have one by
favour of Dr. Sutron, which has nearly parallel lines with the
hinge on the dexter auricle of the broader valve, with the
broad costae. This species is commonly found from three to
seven inches in diameter. Mr. STRANGEWAYEs, from whom I
have received several specimens, observes that they are
characteristic of the coarse limestone of llminster. I have had
other specimens from near Lackington, by favour of Mr.
STRANGFWAYES, also from Farley gateway, Gloucestershire;
Carrington, Oxfordshire; and from Dursley, Gloucester-
shire. I believe the species is found in various other parts of
England, and 1 have a specimen from France.’

2. AMENDED DIAGNOSIS

Distinguished from Ps. (Ps.) dentatus and Ps. (Ps.) veyra-
sensis by the low disc flanks and curvilinear comarginal striae.

3. AMENDED DESCRIPTION

Disc sub-ovate, higher than long in juvenile, growing al-
lometrically to become longer than high (text fig. 44) towards
maximum height of 179 mm (BM 2662). Umbonal angle in-
creasing at a decreasing rate (text fig. 45) to produce concave
dorsal margins. Disc flanks low.

Equilateral, moderately convex, left valve slightly more
convex than right.

Intersinal distance greater in left valve than night but in-
creasing at a slightly increasing rate in both valves (text
figs. 46, 47). Large byssal notch in right valve becoming rela-
tively smaller during ontogeny (text fig. 48).

Auricles well demarcated from disc, moderate in size, an-
terior slightly larger than posterior. Both anterior and post-
erior hinge lenyths increasing at an increasing rate (text figs.
50, 51). Anterior auricle height increasing at a decreasing rate
(text fig. 49). All auricles meeting hinge line at approximately
90°. Anterior auricle of right valve meeting disc at approxi-
mately 90°, other auricles meeting disc at an acute angle. All
auricles ornamented with comarginal striae, anterior auricles
also bearing 2-3 fine radial costae.

Both valves ornamented with between 16 and 27, most
commonly 22, radial plicae (text fig. 52). Plicae angular and
often wider than sulci in juveniles but becoming more
rounded and narrower than sulci later in ontogeny (PL 1,
Fig. 8). Plicae poorly defined at anterior dorsal and posterior
dorsal margins of juveniles. Both plicae and sulci bearing fine
radial striae and crossed by closely spaced curvilinear comar-
ginal striae.

Shell thickness generally moderate but high beneath plicae.



Text fig. 45:  Pseudopecten (Ps.) equivalvis — height/umbonal angle.
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Text fig. 44:  Pseudopecten (Ps.) equivalvis — height/length.
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4. DISCUSSION

‘Pecten’ acuticosta Lamarck only differs from P." equu-
valvis SOVERBY (lectotype [herein designated]; BM L79783;
Pl. 2, Fig. 1; 1) by the angularity of the plicae. There
can be little doubt that this is the result of alower degree of ab-
rasion (see Section 8) and it cannot therefore be the basis for a
specific distinction. Most large specimens with angular plicae
which are referred to ‘P.” acuticosta are derived from low
energy condensed deposits and also have relatively low um-
bonal angles for their heights. However, this appears to be an
ecophenotypic feature brought about by relauvely fast
growth in such facies (see Section 8).

‘Pectimites’ priscus SCHLOTHEIM was erected for a single
specimen from the Simemurian exhibiting few diagnostic fea-
tures. Subsequent authors have frequently applied the specific
name to small specimens of Ps. (Pseudopecten) and have

maintained a specific distinction from larger specimens (=
‘P." aequivalvis auctt.) on the basis of a lower umbonal angle
and reduced number of plicae, which tend also to be acute.
Notwithstanding the fact that the holotype (M) of ‘Pz.” pris-
cus (HM) is reported to be an abnormally large specimen (H:
80, Dr. J. Herws, pers. comm., 1977) for its stratigraphic
horizon, three further criteria indicate that “P.” priscus auctt,
should be included within Ps. (Ps.) equivalvis.

a. Umbonal angle and the number of fully developed plicae
both increase during ontogeny (see Section 3) thus small im-
mature specimens of Ps. (Ps.) equivalvis have low umbonal
angles and appear to have few plicae.

b. Mature specimens from argillaccous facies may exhibit
the above characteristics because they are small as a result of
stunting (see Section §).
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Text fig. 46:  Psendopecten (Ps.) equivalvis — intersinal distance on left valve/length.
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Text fig. 47:  Pseudopecten (Ps.) equivalvis — intersinal distance on right valve/length.



¢. Mature specimens from low horizons in the stratigraphic
range of Ps. (Ps.) equrvalvis may exhibit the above charac-
teristics because they are small as a consequence of represent-
ing an early stage in phyletic evolution towards increased
maximum size (see Section 10).

It is very doubtful whether any of the records of ‘P.” pris-
cus cited in synonymy represent anything other than one of
the above categories of small Ps. (Ps.) equivaluvis.

‘P.” sublaevis YOUNG and BIRD was separated from ‘P.’
equivalvis on the basis of its low plicae, lacking in comarginal
striae. As discussed above, this is almost certainly due to abra-
sion. ‘P.” major Younc and BIRD appears to represent, by
contrast, an unusually well preserved specimen of Ps. (Ps.)
equivalvis which still exhibits radial striae on the plicae.

SmrsoN’s (1884) species “P.” mterstinctus, ‘P.” rudis and
‘P.” dichtomus were all compared with ‘P.” priscus and al-
though figures were not provided it seems highly likely that
the species represent small specimens of Ps. (Ps.) equivalvis.

The single observed type of ‘P.” aequalis QUENSTEDT
(GPIT 4-9-13; PL. 2. Fig. 5) has 22 plicae and is inseparable
from Ps. (Ps.) equivalvis by metric criteria (2). Likewise, one
of the syntypes of ‘P.” cephus p’Orsicny (MNO 1842 C) has
17 plicae and is inseparable by metric criteria (3) while another
(Pl. 2, Fig. 10) has 21 plicae and exhibits no distinguishing
features.

Kunn’s (1935) holotype (M) for ‘Chlamys’ sendelbachensis
(BSPHG 1934 IV 8; Pl. 2, Fig. 4) has 20 plicae and metric
proportions (4) within the range of Ps. (Ps.) equivalvis. His
type material for ‘Aequipecten’ maximilian: appears to be lost
but the diagnostic criteria, three more plicae than is usual in
Ps. (Ps.) equivalvis (22) and reduced plical height, can both be
accommodated within the known range of ‘genetic’ and ‘en-
vironmental’ variation in the latter species.

The figure of ‘P.’ costatulus Hartmann exhibits 17-18
plicae and H/UA (5) which is indistinguishable from Ps. (Ps.)

65

equivalvis. Similarly ‘Ch.” mcconnelli McLearN has 22 plicae
and the description gives no grounds for considering the
species as anything other than synonymous with Ps. (Ps.)
equivalvs.

Monster’s (1833) figure of ‘P.” acutiradiatus shows a
specimen with an exceptionally large umbonal angle (125 at
H: 13.5) and small auricles. However, examination of the fig-
ured specimen (BSPHG AS VII 611; PL. 2, Fig. 9) shows
this 1o be due to a draughting error. The auricles are in fact
broken and the H/UA ratio (6) is well within the range of Ps.
(Ps.) equivaluis.

‘P.” Hinterhuberi Tirrze was erected for a very large
specimen (H: 152) said to differ from *P.” equivalvis by its
smaller umbonal angle. However, the figure depicts a broken
specimen which could not have provided an accurate value for
UA. In all other respects it is identical to Ps. (Ps.) equivalvis.
The specimen was derived from a loose boulder thus the re-
ported age (Hettangian, Angulata zone) may well be inaccu-
rate. The apparently abnormal size for the stratigraphic
horizon (see Section 10) may therefore be spurious.

‘P.” Caracolensis STEINMANN was erected for a specimen
possessing 24 smooth low plicae and characterised by one
large median plica. This last feature is fairly common in Ps.
(Ps.) equivalvis and is probably caused by the interruption of
normal growth by damage. The species are inseparable by
metric criteria (7).

The figure of ‘P.” lugdinensis MicHELIN reveals a specimen
with 25 plicae and metric proportions (8) which are insepara-
ble from Ps. (Ps.) equivalvis. The four auricular costae may
however be distinctive and subsequent authors who may have
examined the type material (e. g. Staescur, 1926) have
synonymised MicHELIN’s species with Ch. (Ch.) valoniensis
(q. v.). The preservation of ‘P.” lugdunensis as an internal
mould may preclude recognition of the intercalary costae
characteristic of Ch. (Ch.) valoniensis.
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Text fig. 48:  Pseudopecten (Ps.) equivalvis — depth of byssal notch/length.
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Text fig. 49 Pseudopecten (Ps.) equvalvis - height of anterior auricle/length.

The figure of ‘P.” Nongliensis Tauscr depicts a specimen
with 19 plicae and H/UA, 1g/L and AH/L (9) just within the
range of Ps. (Ps.) equivalvis. PH/L and, in particular, N/L
are distinctly high. However, this could simply be due to in-
accurate illustration and the single specimen recorded pro-
vides few grounds for a specific separation. Dusar (1948),
who may have examined the holotype (M), has applied
Tausch’s specific name to forms which are clearly conspecific
with Ps. (Ps.) dentatus (q. v.).

The and figures of ‘P.” Bodenbenden
Brrrennsen from Argentina are clearly indicative of the
genus Weyla. However specimens in the GPIG, including

description

what is apparently a type, clearly belong to the genus
Psendopecten. Notwithstanding this nomenclatural confu-
ston it seems unwise at present to include the rather poorly
preserved Gottingen specimens within Ps. (Ps.) equivalvis
since they appear to differ from the latter by their greater con-
vexity and smaller umbonal angle.
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Text fig. 50:  Pseudopecten (Ps.) equivalvis — anterior hinge length/length.

The figure of the left valve of *P.’ Jobnstrupi LUNDGREN
closely resembles Ps. (Ps.) equivalvis in the number of plicae
(20-25) and in H/UA, AH/L and PH/L (10). However, I/L.
and the umbonal angle of the right valve (70-80°) are Jow and
may justify a separation, although the drawing could be inac-
curate. The same may be true of *P.” Zigoplocus pi Brast; Fu
cintwhose figure depicts a specimen with 22 plicaeand H/UA
(11) within the range of Ps. (Ps.) equivalvis but with an ab-
normally large 1/L. Di B ast’s original description has proved
impossible to trace.

‘Aequipecten’ bierringt from the L. Pliensbachian of
Greenland was not figured or described by RoseNkrANTZ
(1942). However it was said to closely resemble ‘A.” ae-
quivalvis and it seems extremely likely thatitis synonymous
with J. SOwERBY’s species.

‘P.” acuticosta  Ropmer is  clearly a junior primary
homonym of Lamakrck’s species and as such should be re-
jected. The description leaves little doubt that RorMER’s
hypodigm fell within the range of variation in Ps. (Ps.)

equivalvis.
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Text fig. 51t Pseudopecten (Ps.) equivalvis — posterior hinge length/length.

‘P.” priscus ScHLOTHEIM; DUuMORTIER has the down-sulcal
tongueing of the growth lines typical of Ps. (Ps.) dentatus
rather than Ps. (Ps.) equivalvis. ‘P.” acutiradiatis MONSTER;
DunmorTIER is referable to the former species on the basis of the
vertically striated disc flanks.

The great majority of authors have followed J. pr C. Sow-
ERBY’s alteration of the spelling of eguivalvis to aequivalves
invol. 6 of the ‘Mineral Conchology’ (1829). This is incorrect
since J. SOWERBY’s original spelling in no way contravenes the
ICZN rules and therefore must take historical precedence.
However. Ps. (Ps.) equivalvis remains something of a mis-
nomer because the shell is noticeably inequivalve.

5. STRATIGRAPHIC RANGE

Ps. (Ps.) equivalvis is first recorded in the Planorbis zone
(Hettangian) of Lyme Regis (BM L62437), Dijon (DM 134),
Lugano (Bistram, 1903) and Yorkshire (Tate and BLAKE,
1876). Subsequently it is recorded from the Angulata zone of
E. France (TerQuem and PieTTE, 1865) and the Bavarian Alps
(WINKLER, 1886) and the Bucklandi zone (L. Sinemurian) of
Lyme Regis (BM L77272), the Rhone (DunmorTier, 1867) and
S. Bavaria (ScHAFHAUTL, 1851). Ps. (Ps.) equivalvis first oc-
curs commonly in the middle Sinemurian Frodingham Iron-
stone (Semicostatum-Obtusum zones) and from then on it is
widespread and often abundant until the U. Pliensbachian.

PL

Text fig. 52:  Pseudopecten (Ps.) equivalvis — frequency distribution for number of plicae.



68

Extension of the range into the Tenuicostatum zone of the
L. Toarcian is evidenced by material from the Cotswolds
(OUM ]33417-8) and Luxembourg (BSPHG). Most other
Toarcian records (e. g. BM LL8142-3 from Lincolnshire,
MNO 2073, 2073A-D; MNR B8689; MNP S00963 from
N. France) are probably from this zone. However, Harram
(1972) considered that the range extended into the middle
Toarcian in Iberia and this horizon may be the source of some
of the numerous Toarcian records from the area (e. g. BM
L130836; Danni, 1965; Dusar, 1925; Verneuir and Cor-
LoMB, 1852). The species is recorded with Hildoceras bifrons
in the W. Balkans (Pomrrck), 1897) and Younc and Bip
(1828) report material from hard bands in the Alum Shale
(Bifrons zone) of Yorkshire. In the latter area intensive field
work by the author has failed to substantiate Younc and
Birp’s claim. However, collecting from the Oolithe Fer-
rugineuse at Port-en-Bessin (Normandy) has brought to
light a specimen (P1. 2, Fig. 3) which may be a Bajocian rep-
resentative of Ps. (Ps.) equivalvis. In the lack of further mat-
erial and with the poor preservation of the available specimen

the possibility still remains that it should more properly be re-
ferred to Crenostrcon.

Collecting at Snowshill Quarry, Gloucestershire has failed
to substantate Acir et al.’s (1973) record of Psexdopecten
from the M. Bathonian of this locality. Radulopectern vagans
and Camptonectes (C.) laminatus are the only pectinids pre-
sent.

6. GEOGRAPHIC RANGE

Ps. (Ps.) equivalvis is found in all parts of Europe and there
seem to be no obvious changes in distribution throughout its
stratigraphic range (text fig. 53). There is thus no support for
StarscrE’s (1926) view that small specimens (= ‘Aequipecten’
priscus) originated in the Hettangian of the Rhone and subse-
quently spread to other parts of Europe in the Sinemurian.

Contrary 1o STAESCHE’s opinion, Ps. (Ps.) equivalvis is not
known throughout the world at any time. Records outside
Furope are restricted to the Americas (text fig. 54) and the
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Text fig. 53:  Pseudopecten (Ps.) equivalvis — European distribution.

Text fig. 54:  Pseudopecten (Ps.) equivalvis — World distribution (Pliensbachian reconstruction).



species 1s only known to be common in E. Greenland
(ROSENKRANTZ, 1934, 1942). Itis probably rare in S. America,
Jaworskr (1916) having recorded only two specimens and
STEINMANN (1881) a mere one, from Bolivia. It is by no means
certain that the large number of fragments of Ps. (Pserdopec-
ten) from S. America in the GPIG necessarily belong to Ps.
(Ps.) equivalvis (see Section 4).
With regard to its range outside Europe, HALLAM (1977) has sug-
gested that the rarity of Psendopecten at least in the W. Americas,
may be due to competition with the ecologically similar aberrant
pectinid Weyla. Howevgr, the absence of both Weyla and
Psendopecten from Asia, Australia and Antarctica remains to be
explained.

The observed distribution of Ps. (Ps.) equivalvis is most
obviously explained by migration via the Canadian Arcuc.
However, there is now some evidence (see p. 25) to suggest
that in the Pliensbachian a seaway existed between S. Ameri-
ca, S. Africa and Antarctica (or perhaps between N. and
S. America) and this could have afforded an alternative
routeway.

7. DESCRIPTION OF ECOLOGY

Ps. (Ps.) equivaluis first occurs commonly in the Froding-
ham Ironstone (Semicostatum-Obtusum zones), a stran-
graphically condensed chamosite oolite in Lincolnshire. Ern-
toliwm (E.) lunare is however a considerably more abundant
element of the fauna, which also includes Campronectes (C.)
subulatus, Chlamys (Ch.) textoria, ‘Lima’, Gryphaea, As-
tarte and large Cardinia and ammonites. Most specimens of
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Ps. (Ps.) equivaluis are disarticulated and have, except in the
umbonal region, rounded plicae (Pl. 2, Fig. 6). The max-
imum height attained is 45 mm (ScM). Contemporaneous
specimens from more expanded, lower energy sequences such
as the micritic limestones of S. Germany, reach only 25 mm
in height while those from marls reach only 10 mm and are
much less common (Staescur, 1926). All specimens from ar-
gillaceous facies have acute plicae and the limited available
data suggests that they also have relatively large umbonal an-
gles for their heights, compared to specimens from ironstones
of the same age (text fig. 56). The associated faunain the argil-
laceous facies is relatively deficientin E. (E.) lunare and large
Cardinia.

L. Pliensbachian chamositic ironstone deposits such as the
‘Pecten” Bed (Ibex zone) of Lincolnshire, contain abundant
Ps. (Ps.) equivalvis up to a maximum height of 90 mm (au-
thor’s collection). All specimens are disarticulated and rest
convex up, suggesting strong current activity. This is sup-
ported by the essentially unimodal size/frequency distribu-
tion obtained from a two sq. m. bedding-plane exposure (text
fig. 55). Except in the region of the umbo, the plicae are
rounded. Other faunal elements are less prominent than in the
Frodingham Ironstone.

A high proportion of articulated specimens is indicative of
lower energy conditions in the ‘Pecter” Bed (Ibex zone) of
Blockley, Gloucestershire. The abundance of fish vertebrae
and the siderite cement (Hewrrr and Hurst, 1977) suggests a
period of non-deposition. Ps. (Ps.) equivalvis attains a height
(H: 78; OUM ]17929) comparable to that in specimens de-
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Textfig. 55:  Psendopecten (Ps.) equivalvis — frequency distribution for shell height in specimens collected
from a 2 sq. m. bedding-plane exposure in the ‘Pecten’ Bed (Ibex zone) of Lincolnshire.
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Text fig. 56: Pseundopecten (Ps.) equivalvis — height/umbonal angle for specimens from condensed and ex-

panded sequences in the Sinemurian.
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rived from contemporaneous high energy condensed deposits
(see above) but the plicae remain, in contrast, angular at all
ontogenetic stages (Pl. 2, Fig. 7). The associated fauna is defi-
cientin E. (E.) lunare andis dominated by large specimens of
Astarte and Mactromya. A variety of less common in- and
epifaunal bivalves, gastropods and cephalopds attain a large
size at this horizon (Hewitr and Hurst, 1977).

In contemporaneous low energy expanded sequences such
as the Numismalis Mergel (Jamesoni/Ibex zones) of S. Ger-
many, Ps. (Ps.) equivalves is common but reaches a maximum
height of only 37.5 mm (GPIT). In L. Phensbachian clays in
the English Midlands the maximum heightis 27.5 mm (OUM
133290). All specimens have acute plicae. Larger specimens
are occasionally recorded [rom predominantly clay sequences

but these invariably turn out to be from storm lags at the top
of small coarsening upward cycles (Seriwoon, 1972). Thus
specimens with rounded plicae reaching a maximum height of
60 mm (author’s collection) occur in deposits of the Jamesoni
zone at Robin Hood’s Bay (Yorkshire) 1n association with
Camptonectes (C.) subulatus, Plicatula, Gryphaea, Geruvil-
lella and exhumed Pinna.

In addition to their reduced maximum size, L. Pliens-
bachian specimens of Ps. (Ps.) equivalvis from uncondensed
argillaceous facies also tend to have relauvely large umbonal
angles for their heights (text fig. 57). The few specimens that
plot within the range of forms from condensed facies are al-
most certainly derived from thin, coarse grained horizons
within predominantly clay sequences (see above).
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Text fig. 57:
panded sequences in the L. Pliensbachian.

Ps. (Ps.) equivalvis 1s also common in the L. Phensbachian
of E. Greenland, where it occurs in coarse sands and limes-
tones (RosenkrANTZ, 1934, 1942), Raasay, where it 1s abun-
dant in muddy sands (author’s collection), and E. Spain,
whereitis found in bioclastic limestones (Brrvet and GEYER,
1966). It is however conspicuous by its absence from the
Jamesoni zone of the Pyrences where condensed deposits
contain common Ps. (Ps.) dentatus and the first European
representatives of Weyla (Dassorrnea and Mancenipo,
1979).

In the Sandy Series (Margaritatus zone) of the U. Pliens-
bachian in Yorkshire, Ps. (Ps.) equivalvis is common and
reaches a maximum height of about 60 mm, while in the simi-
farly expanded sequence of Raasay a maximum height of
70 mm 1s attained (author’s collection). All specimens have
rounded plicae. The associated fauna is dominated by Ox-
vtoma, Protocardia, Gryphaca and the scaphopod Den-
taliem. E. (E.) lunare 1s rare but in a similar sedimentary and
faunal association in the later parts ol the Margaritatus zone in
Dorset (Thorncombe Sands) it is common and Ps. (Ps.)
equivaluis is rare. C. Paimir (1966b) remarked on the small
size of specimens [rom a sandy limestone bed (Day's Shell
Bed) at the top of the clay sequence (Eype Clay) representing
the earlier parts of the Margaritatus zone in Dorset. They
were said to reach only 25-30% of their ‘normal’ height.
However, PaLMER may have been drawing a comparison with
specimens from Spinatum zone ironstones (see below) rather

UA

Psendopecten (Ps.) equivalvis —height/umbonal angle for specimens from condensed and ex-

than with those from Margaritatus zone clays whose max-
imum height (30 mm; author’s collection) is very probably
less than that of Patmer’s specimens. Ps. (Ps.) equivalvis is
not known to be common in argiltlaceous facies anywhere in
the U. Pliensbachian.

Ps. (Ps.) equivalvis is very common in the condensed, high
energy, chamositic ironstones of the Spinatum zone in Lor-
raine, N. W. Germany and most parts of England. Al speci-
mens have rounded pheae (PL 2, Fig. 1) and the maximum
height reached is 179 mm (BM 2662). The associated fauna is
essentially the same as for the Margaritatus zone although in
Northamptonshire, Oxfordshire and Somerset, where Ps.
(Ps.) equivaluvis is somewhat less common, Ps. (Ps.) dentatus
and Ps. (Ps.) veyrasensis also occur. In S. Germany, the
Spinatum zone is developed in a condensed but lower energy
marlstone facies in which Ps. (Ps.) equivalvis usually exhibits
acute plicae (Staeschr, 1926) and attains a maximum height of
95 mm (GPIT). There are too few specimens available from
uncondensed argillaceous facies to allow of any comparison in
shape with forms from condensed or higher energy facies.

Ps. (Ps.) equivalvis is nowhere common after the U. Pliens-
bachian and over most of Europe its disappearance is
correlated with the onset of bituminous shale deposition in
the L. Toarcian. In parts of the W. Balkans and Iberian
peninsula where the Toarcian is developed in high energy
facies the species extends into the Bifrons zone (see Sec-



tion 5). However, in similar facies in the Toarcian of
E. Greenland (RosenkranTzZ, 1934, 1942) and the Caucasus
(PompEcK], 1897) the species seems to be absent. The largest
Toarcian specimens are apparently to be found in the 0’Ok-
BIGNY Collection (Hppax: 92; MNO 2073B). However, ’Or-
BIGNY’s concept of the Toarcian may also have included parts
of the U. Pliensbachian, so such records should be treated
with caution.

Although quite widespread in the peri-Mediterranean re-
gion, Ps. (Ps.) equivalvis appears to reach large sizes only in
high energy deposits such as the U. Pliensbachian calcarenites
of the Iberian ranges (Mensing, 1965), the sandy marls of the
W. Balkans (Povireck), 1897), the sandstones of Yugoslavia
(Utiig, 1884) and W. Bulgaria (TZANKOV and Boncev,
1932) and the Toarcian marly oolites of the W. Balkans (Pom-
PECK], 1897).

8. INTERPRETATION OF ECOLOGY

It is clear from Section 7 that Ps. (Ps.) equivalvis was a
eurytopic species with respect to substrate, only clays formed
under conditions of reduced oxygen tension constituting an
unfavourable environment. It is also clear however, that there
are correlations between the size and shape of Ps. (Ps.)
equivalvis and the sediment grain size, rate of sedimentation
and energy of the environment. Specimens from condensed
deposits reach a large size, those from high energy environ-
ments having rounded plicae. Specimens from expanded high
energy sandstone sequences reach a somewhat smaller max-
imum size and have rounded plicae. Specimens from ex-
panded argillaceous sequences are much smaller, have acute
plicae, and usually have a low H/UA ratio.

The correlation between high environmental energy and
roundness of the plicae is most easily explained as the result of
pre- and post-mortem abrasion of the originally angular
plicae by wave and current-induced rolling of the shell.

The correlation between stratigraphic condensation and
large size could be the consequence of one or more of the fol-
lowing factors:

a) High environmental energy. Most condensed sequences
containing large Ps. (Ps.) equivalvis are developed as high
energy chamosite oolites. In such environments the increased
rate of supply of suspended food and dissolved oxygen might
be expected to contribute to faster growth. However, the pres-
ence of comparably large specimens in a low energy horizon
at Blockley seems to argue against this hypothesis.

b) Low turbidity condensed sequences are the result of de-
creased supply of sediment from suspension thus one can ex-
pect relatively clear water. This should lead to a reduction in
the time required for cleaning the gills and defaecating and a
consequent increase in the time spent feeding. Observations
by the author on the extant species Chlamys opercularis re-
veal that high turbidity forces the animal to close the shell and
abandon feeding, thus continuous high turbidity could be ex-
pected to markedly affect the growth rate. Slow sedimenta-
tion can also be expected to reduce turbidity (and thus en-
hance growth rate) by promoting the early diageneric forma-
tion of a carbonate cement (Hartam, 1972) which would in-
hibit resuspension of the sediment by lateral water move-
ment. The fact that Ps. (Ps.) equivalvis attains a considerable
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size in expanded sandstone sequences does not however lend
support to the view that the very large sizes attained in con-
densed sequences are simply the result of low turbidity.
Neither can the latter easily explain the large sizes attained by
presumably nektonic ammonites in condensed sequences.

¢) Increased temperature. With the implicit assumption
(given empirical support by the work of Nicor, 1967) that
higher temperatures enable the development of large size,
Hewrrt and Hurst (1977) have invoked climatic amelioration
to account for the abnormally large sizes attained by molluscs
at certain condensed horizons in the English Jurassic. In the
case of Ps. (Ps.) equivalvis this fails to account for the small
size of specimens in stratigraphically equivalent expanded se-
quences. However, Hatiam (1963) has suggested, on the
basis of sedimentological evidence, that condensed ironstone
formation may take place on shoals and that such environ-
ments may be warmer than surrounding deep water areas,
characterised by clastic sedimentation. While such a model
has the merit of explaining the large size of both benthos and
nekton in condensed sequences, it suffers from alack of actual
evidence for increased temperature in the shoal environment.
Until some independent evidence for the latter is obtained it
seems advisable to adopt a composite theory (involving 2 and
3) to explain the correlation between condensed sequences
and the development of large size in Ps. (Ps.) equivalvis. It has
been assumed throughout that the latter is the consequence of
relatively rapid growth. While this seems the most reasonable
supposition and has a variety of plausible explanations (see
above) the possibility cannot be entirely discounted that some
undetected characteristic of the environment of condensed
sequences (perhaps reduced predation) increased the length of
life and thus allowed the development of larger sizes. An
analysis of growth lines can be expected to provide a test for
the assumption of faster growth.

The small size and low H/UA ratio of specimens from ex-
panded argillaceous sequences is most easily interpreted as the
result of relatively slow growth in conditions essentially op-
posite to those in the highly favourable condensed sequences.
The local abundance of such ‘stunted’ specimens need not be
viewed as evidence against this interpretation (see pp. 55,
124) and indeed ‘stunting’ may be an inappropriate term to
use for the development of what are in fact adaptive shell fea-
tures (see Section 9).

The lack of Ps. (Ps.) equivalvis in apparently highly suita-
ble condensed facies containing Weyla in the Jamesoni zone
of the Pyrenees is further evidence for Hatram’s contention
(see p. 69) that Psexdopecten and Weyla were competitors.
However, the occurrence of Ps. (Ps.) dentatus in the same de-
posits indicates that the competitive reaction did not extend to
all Pseudopecten species. Indeed the inverse correlation in
numbers or total mutual exclusion of Ps. (Ps.) equivalvis
from Ps. (Ps.) dentatus in other areas (see p. 70) suggests
that the absence of the former from deposits of the Jamesoni
zone in the Pyrenees may be due more to competition with
the latter species than with Weyla. Ps. (Ps.) veyrasensis has a
similar distribution to Ps. (Ps.) dentatus and thus may also
have had a competitive reaction with Ps. (Ps.) equivalvis. The
frequent inverse correlation in numbers of Ps. (Ps.) equival-
vis and Entolium (E.) lunare is strong evidence for competi-
tion. While in ironstones the dominant species appears to
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switch from the latter to the former after the Sinemurian there
seems to be no secular change in sandstones, the dominant
species at any one time or place being, therefore, presumably
determined by priority.

9. FUNCTIONAL MORPHOLOGY

The strongly ornamented lower valve and quite thick shell
of the large specimens of Ps. (Ps.) equivalvis common in high
energy environments is paradigmatic for an adult reclining
mode of life. The large byssal notch indicares that the juvenile
obtained stability by means of byssal attachment. However,
the allometric reduction in size of the notch indicates that bys-
sal attachment was gradually abandoned during ontogeny. In
the morphologically and ecologically similar extant species
Chlamys opercularis byssal attachment effectively ceases at
shell heights above 50 mm (SormopiHARDjO, 1974).

The relatively high convexity of the left valve is non-
paradigmatic for reclining but is well suited to providing lift
during swimming and combined with the ontogenetic in-
crease in umbonal angle probably served to prolong this
capacity until quite late stages in ontogeny.

The small adult size and low H/UA ratio of specimens from
expanded argillaceous sequences is adaptive for the environ-
ments represented by such sediments. Small size inhibits sin-
king into the soft substrate while both small size and a relati-
vely large umbonal angle maximise the possibility of escape
from sediment swamping by swimming, through maximising
the trust/weight ratio of the shell.
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Text fig. 58:
L. and U. Pliensbachian condensed sequences.

Swimming ability in combination with a strongly plicate
shell was also probably directed against attempted predation.
The disadvantage of a plicate shell, in localising wear on the
plical crests, was apparently offset by sub-plical shell thicken-

ing.

10. ORIGINS AND EVOLUTION

Undoubted specimens of Ps. (Ps.) equivalvis are known
from the Planorbis zone so the origins of the species probably

lie outside the Jurassic. However, no obvious ancestors pre-
sent themselves.

Phyletic size increase is a very marked trend in Ps. (Ps.)
equivalvis. However, the prevalence of ecophenotypic size
variations (see Section 8) makes for great difficulty in the pre-
cise documentation of the trend. It is clear therefore thar at-
tention must be concentrated on the same environment at all
stratigraphic levels. For this purpose the analysis is restricted
to condensed sequences since these seem to represent the most
clearly defined environment. Within the latter there is an in-
crease in maximum height from 45 mm (Sinemurian) to
90 mm (L. Pliensbachian) to 179 mm (U. Pliensbachian).
There may also be an associated acceleration in the develop-
ment of H/UA since large L. and U. Pliensbachian specimens
have H/UA values which plot above a projected ‘average’
Sinemurian ontogeny estimated from ‘static’ data (text
fig. 58). However, the rather broad limits of the available data
do not allow exclusion of the possibility thar Sinemurian on-
togenies in fact exhibir a much more rapid increase in H with
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respect to UA thus the high H/UA values of at least large U.
Pliensbachian specimens could represent no more than
hypermorphic extension of Sinemurian allometry through the
medium of phyletic size increase. Nevertheless, the H/UA
values of moderate sized L. Pliensbachian specimens do seem
to represent a genuine departure from Sinemurian ontogenies
thus acceleration would appear to be evinced in at least the
early stages of the phylogeny of Ps. (Ps.) equivalvis. 1f this is
the case U. Pliensbachian H/UA values would seem to indi-
cate subsequent retardation in the development of H/UA al-
beit only to the extent of returning ontogenies to a Sinemurian
condition.

There is clearly a pressing need cither for more ‘static’ data
or for a ‘dynamic’ analysis of shape development using
growth lines in order to facilitate a rigorous assessment of the
role of heterochrony in the phylogeny of Ps. (Ps.) equivalvis.

Whether or not acceleration and subsequent retardation of
shape development has occurred the fact remains that large
U. Pliensbachian forms of Ps. (Ps.) equivalvis have relatively
high H/UA ratios. As such they are mechanically inferior to
earlier forms with respect to their design for swimming. This
is difficult to interpret in conjunction with phyletic size in-
crease. One might have expected evolution towards amore ef-
ficient, low H/UA, design in order to counteract the limita-
tion on mobility and consequent susceptibility to predation
imposed by increased size. (In living scallops a reduced ratio
of muscle strength to body weight leads to the progressive loss
of swimming ability as size increases during ontogeny
[Goutp, 19715 SOEMODIHARDJO, 1974]; as aresult escape from
predators by flight eventually becomes unpossible.) A resolu-
tion to this paradox may lie in the observation that some large
sessile bivalves resist predation by the absolutre strength of the
adductor muscle. Thus PaNe (1976) has observed that starfish
are unable to prise apart the valves of Mytilis which are more
than 8-10 ¢m in length. One may therefore perhaps infer that
Ps. (Ps.) equivalvis gave up a fugitive policy towards the end
of its stratigraphic range in favour of a policy of passive resis-
tance. Such a strategy would only be worthwhile if large size
could be achieved rapidly thus the hypothesis could be tested
by an analysis of growth lines to see if faster growth was, in
fact, characteristic of later populations. ‘Static’ data (see
above) certainly allows that this may have been the case.

Phyletic increase in size, together with an apparent retarda-
tion in shape development and a reduction in tolerance of ar-
gillaceous substrates in the U. Pliensbachian (sec Section 7)
points to the prevalence of ‘K’ selection towards increased
trophic efficiency. The high abundance of Ps. (Ps.) equivaluis
in certain U. Pliensbachian chamosite oolites need not be
viewed as evidence against this interpretation since it may well
be the result of stratigraphic condensation.

The widespread development of unfavourable bituminous
shale facies in the L. Toarcian undoubtedly caused a severe
depletion of the numbers of Ps. (Ps.) equivalvis. The subse-
quent extinction of the species may have been the simple re-
sult of depletion to such an extent that re-establishment of
self-supporting populations was impossible. However, 1t
may also have been due to competition with one or more of
the newly evolved, ecologically similar species, Ps.
(Echinopecten) barbatus, Propeamussium (P.) laeviradiatum
and Entolium (E.) corneolum.
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Pecten dentatus sp. nov; J. DE C. SOWERBY, p. 143,
pl. 574, fig. 1.

Pecten priscus SCHLOTHEIM; GOLDFUSS, p. 43,
pl. 89, fig. 5 (non SCHLOTHEIM sp.).

Pecten dentatus ]J. DE C. SOWERBY; GOLDFUSS,
p- 46, pl. 90, fig. 7.

Pecten dentatus J. DE C. SOWERBY; D’ORBIGNY,
v. 1, p. 285.

Pecten dentatus J. DE C. SOWERBY; QUENSTEDT,
p- 753, pl. 92, fig. 3.

Pecten Thiollierr sp. nov; MARTIN, p. 89, pl. 6,
figs. 21-23.

Pecten Thiollieri MARTIN: DUMORTIER, p. 62,
pl. 10, figs. 4-7.

Pecten Euthymei sp. novi; DUMORTIER, p. 64,
pl. 10, figs. 8-10.

Pecten priscus SCHLOTHEIM; DUMORTIER, p. 216,
pl. 48, fig. 4 (non SCHLOTHEIM sp.).

Pecten dentatus J. DE C. SOWERBY; WAAGEN
2o G512,

Pecten Dieulafaiti sp. nov; JAUBERT, p. 23+,
Pecten  acutivadiatus  MUNSTER; DUMORTIER,
p- 135, pl. 21, fig. 8 (non MUNSTER sp.).

Pecten Bersaskensis sp. novs TIETZE, p. 106, pl. 6,
fig. 3.

Pecten Thiollieret  MARTIN; TATE and BLAKE,
p. 363.

Pecten Thiollieri MARTIN; SIMPSON, p. 170.
Pecten Thiollieri MARTIN: WINKLER, p. 30.
Pecten (Chlamys) Thiollierei MARTIN; BISTRAM,
p- 33, pl. 2, figs. 13-15.

Chlamys aequiplicata (TERQUEM); COSSMANN,
p- 503, pl. 16, fig. 15 (non TERQUEM sp.).

Pecten (Chlamys) of. amphiarotus DI STEFANO;
TRAUTH, p. 90, pl. 2, fig. 17.

Pecten dobbertinensis sp. nov; OFRTEL, p. 564.
Pecten priscus var. Dienlafaiti JAUBERT: DUBAR,
p. 266, pl. 5, figs. 1-6.

Chlamys Thiolliert (MARTIN); ROMAN, p. 105.
Pecten (Pseudopecten) Dienlafaiti JAUBERT; LAN-
QUINE, p. 131, pl. 3, fig. 2.

Aequipecten thiollerei (MARTIN); DECHASEAUX,
p- 40.

Aequipecten Euthymei (DUMORTIER); DECHAS-
EAUX, p. 41.

Aequipecten priscus var. Dienlafaiti (JAUBERT);
DECHASEAUX, p. 42.

Pecten (Chlamys) aff. bersaskensis TIETZE; DU-
BAR, p. 162, pl. 14, figs. 4a, 4b.

Pecten (Aequipecten) norigliensis TAUSCH; Du
BAR, p. 163, pl. 13, fig. 12 (non TAUSCH sp.).
Pecten (Aequipecten) semiarticulatus G. MENE
GHINI; DUBAR, p. 216, pl. 28, figs. 22-25, text
fig. 53 (non G. MENEGHINI sp.).

Chlamys Thiollerei (MARTIN);: ROMAN, p. 25.
Aequipecten dienlafaiti (JAUBERT); BEHMEL and
GEYER, p. 28.

Chlamys (Aequipecten) Thiollerer (MARTIN); LEN
TINI, p. 28, pl. 15, fig. 6.

Lectotype of Pecten dentatus J. DE C. SOWER-
BY 1827a, p. 143, pl. 574, fig. 1 designated
herein; BM 20719; Pl. 2, Figs. 11, 12 herein;
H: 55, L: 58, UA: 109, PL: 20; gravels
derived from M. Lias (U. Pliensbachian),
Bugbrook, Northamptonshire.
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. ORIGINAL DIAGNOSIS AND DESCRIPTION

“‘Nearly orbicular, convex, minutely striated concentrical-
ly, ribbed; ribs about twenty close, large, angular, obtuse;
ears defined, small; margin deeply toothed; valves similar.

The peculiar characters of this Pecten are the sharp projec-
tion of the edge between each rib and the flat inclined sides of

each rib.

Several specimens of this fossil are in the collection of Miss
Baker, who found them in transported fragments of lime-
stone, in whar are there called gravel pits, at Bugbrook and
Staverton, in Northamptonshire. [t also occurs in the valley
of Catmus in Rutlandshire. The figure is taken from a speci-
men which has both valves, but wants the ears; they are sup-
plied from another, in other respects inferior, individual.’
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Text fig. 59:

2. AMENDED DIAGNOSIS

Distinguished from Ps. (Ps.) equivalvis by the higher, ver-
tically striated, disc flanks (Pl
tongueing of the comarginal striac (Pl. 2, Figs. 11, 12). Dis-
tinguished from Ps. (Ps.) veyrasensis by the larger modal
number of plicae (17/18 cf. 14).

2, Fig. 13) and down-sulcal
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Text fig. 60:  Pseudopecten (Ps.) dentatus — height/length.

3. AMENDED DESCRIPTION

Essentially similar to Ps. (Ps.) equivalvis apart from the
diagnostic features (see Section 3), smaller maximum height
70 mm; Duear, 1925), greater convexity, acute angle be-

tween the anterior auricles and the hinge line, obtuse angle be-

Pseudopecten (Ps.)

dentatus — European distribution.

tween the posterior auricles and the hinge line, and the orna-
ment. Both valves ornamented with between 16 and 20 (most
commonly 17 or 18) radial plicae (text fig. 62), rounded on
the right valve, angular on the left. Usually one more plica on
left valve than right; plicae occasionally bearing lamellae near
the anterior and posterior margins.

Metric proportions are plotted in text figs. 60, 61.
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Text fig. 61:  Pseudopecten (Ps.) dentatus — height/umbonal angle.

4. DISCUSSION

The lectotype (herein designated) of ‘Pecten’ dentatus J. bE
C. Sowersy (BM 20719; Pl. 2, Figs. 11, 12; 1) is a large,
somewhat atypical, form with 20 plicae. It has moreover suf-
fered post-mortem compression such that the characteristic
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features of high disc flanks and convexity are not apparent.
However, the diagnostic ventral tongueing of the sulcal
growth lines is visible and leaves no doubt that the specimen
should be the name bearer for the species described in Section
3. ‘P.’ priscns SchiOTHEIM; GOLDEUSS (non SCHLOTHEM) also
exhibits this feature while ‘P.” acutivadiatys MUNSTER;
DumorTizR (non MonsTer) has the vertically striated disc
flanks diagnostic of Ps. (Ps.) dentatus.

‘P.” Thiollieri MARTIN was said to have 20 plicac but the fig-
ures show only 17 or 18 as is typical of Ps. (Ps.) dentatus.
Moreover, the characteristic convexity and disc flank orna-
ment of the latter species is well displayed. Similarly,
‘P.> Thiollieri Martin; WINKLER was also said to have 20
plicae but a specimen (BSPHG) collected from the same
horizon and locality as WiNkLER's, exhibits only 16 plicae.
Records of MarTIN's species in DEcHAsEAUX (1936) and LEN-
TINt (1973) refer to specimens with, respecuvely, vertically
striated disc flanks and ventrally tongueing sulcal growth
lines, as in Ps. (Ps.) dentatus. However, specimens referred to
MARTIN’s species by Bistram (1903) appear to have curvilinear
growth lines and 21 plicae, as in Ps. (Ps.) equivalvis. In view
of the evident possibility of confusion with the latter species,
inadequately described and unillustrated records of MarTiN’s
species in TATE and BLAKE (1876), Sivpson (1884) and Roman
(1926, 1950) can only be tentatively synonymised with Ps.
(Ps.) dentatus. However, examples of MARTIN’s species with
20 plicae and the disc flank ornament and convexity charac-
teristic of Ps. (Ps.) dentatus are clearly figured and reported to
be common by DumorTier (1864). It may therefore be that the
mean (and perhaps range) in the number of plicae was higher
carly in the stratigraphic range of the species.

204 Ps (P~ )veyrasensis
f
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Text fig. 62:  Psendopecten (Ps.) veyrasensis/dentatus — frequency
distribution for number of plicae.

‘P." Enthymei DumorTIEr has the characteristic disc flank
and sulcal ornament of Ps. (Ps.) dentatus and the number of
plicae (16) is within the range of variation n the latter species.

‘P.” Dienlafaiti JauBerT was erected for a specimen origi-
nally referred to ‘P.’ priscus SchrotEiM by DUMORTIER
(1867). The number of plicae (17) and the down sulcal tongue-
ing of the growth lines indicate its identity with Ps. (Ps.) den-
tatus. Subsequent varietal use of the name does not depart
from JauserT's hypodigm.

‘P.” Bersaskensis TiETzE was erccted for a single specimen
which was said to have 16 plicae, thus suggesting that itmay be
conspecific with Ps. (Ps.) dentatus. However, the width of
the sulci and shallowness of the byssal notch may jusufy a
specific separation. Indeed, only 15 plicae are depicted in the
figure and this together with the fact that Dusar (1948) has
applied Tie1zr’s specific name to forms with 14 plicae, sug-

gests that ‘P.” Bersaskensis may be a synonym of Ps. (Ps.)
veyrasensts.

‘Chlamys’ cf. aequiplicata (TErRQUEM); CossMANN (non
Terouewm) has 16 plicae but the small size of the figured speci-
men does not allow an unequivocal specific determination.

‘P’ (‘Ch.°) of. amphiarotus Di Streano; Trauth (non Di
Sterano) was applied to 8 specimens possessing between 17
and 19 plicae, moderate convexity and ventrally tongueing
sulcal growth lines as in Ps. (Ps.) dentatus.

‘P.” dobbertinensis OrrteL was separated from ‘P." ae-
qrivalvis J. Sowrrey by the reduced number of plicae (17)
and greater comvexity. Although a figure was not provided
this 1s strongly suggestive of equivalence with Ps. (Ps.) den-
tatus.

The names ‘. (‘Aequipecten’) noriglicnsis Tausch (non
Tausch) and ‘P.’ (‘Ae.’) semiarticulatus G. MENEGHINI (non
G. MexecHINT) were applied by Dusar (1948) to specimens
with, respectively, 16 and 17 plicae. In both cases the down-
sulcal tongueing of the comarginal ornament indicates that
they should be included within Ps. (Ps.) dentatus.

QuENSTEDT’s (1858) use of J. de C. SowEersY’s specific name
is for a specimen (GPIT 2-92-3; Pl 6, Fig. 12) which is
clearly a representative of the ‘coarse’ phenotype of Chlamys
(Ch.) textoria.

5. STRATIGRAPHIC RANGE

Ps. (Ps.) dentatus first occurs in the Planorbis zone (Het-
tangian) when it is locally common. In like manner it is lound
in all stages until the U. Pliensbachian. Toarcian records are
limited to two specimens: from Adderbury, Oxon (BM
1.30490) which are almost certainly from the lower part of the
stage. However, Ps. (Ps.) dentatus returns in moderate num-
bers in the Aalenian/Bajocian. A single specimen from the
Parkinsoni zone (BM L77551) is the last known representa-
tive of the species.

6. GEOGRAPHIC RANGE

Ps. (Ps.) dentatus occurs sporadically over the whole of the
European region (text fig. 59) butis unknown from the rest of
the world. Within Europe the patchy distribution of the
species 1s probably at least in part due to the localised de-
velopment of the favoured condensed sedimentary facies (see
Section 8). However, gradual migration from an iniual Het-
tangian base in S. Europe may also have controlled distribu-
uon. In the Sinemurian the species is only common in the
Rhone (DumorTier, 1867) yet apparently suitable condensed
facies are well developed in, for instance, the Frodingham
Ironstone of Lincolnshire. The only records from N. Europe
during the Sinemurian are from clays ot the Bucklandi zone in
Yorkshire (Tare and Brakk, 1876; Sivpson, 1884). L. Pliens-
bachian records are more widespread in continental Europe
yet Ps. (Ps.) dentatus is again conspicuous by its absence from
condensed deposits in England (e. g. the ‘Pecten’ Beds of
Blockley, Glos., and Scunthorpe, Lincs.). With referencetoa
hypothetical migration it should however be noted that the
foregoing examples are of horizones in which Ps. (Ps.)
equivalvis, a possible competitor (see Section 8), is abundant.
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In the U. Pliensbachian the range of Ps. (Ps.) dentatus ex-
tended north to include England and also spread south to
Morocco (Dusar, 1948). However, in the M. Jurassic the
species was restricted to England despite the development of
apparently suitable condensed facies, lacking in Ps. (Ps.)
equivalvts, in other areas (e. g. S. Germany and France).

7. DESCRIPTION OF ECOLOGY

Ps. (Ps.) dentatus is quite common in the Planorbis zone
(Hettangian) of the Rhone basin where it reaches a maximum
height of 35 mm (DumorTier, [864). A general impression
gained from the literature is that forms with plical counts in
the upper part of the range of variation may be more common
than at later horizons in the stratigraphic range (see Sec-
tion 4). The associated sediments are ferruginous limestones
with a diverse fauna of ammonites, crinoids and corals to-
gether with the bivalves Chlamys (Ch.) valomensis, Ch.
(Ch.) pollux, Plagiostoma, Plicatula and Cardinia. In the
same region Ps. (Ps.) dentatus becomes very common in the
Oxynotum zone (Sinemurian) which is represented by a max-
imum of 8 m of limestone. Large, well preserved specimens
occur with abundant ‘Terebratula’, ammonites and the
bivalves Cardinia and Gryphaea (IDUMORTIER, 1867).

In the Jamesoni zone (L. Phensbachian) of the Pyrenees,
Ps. (Ps.) dentatus is locally common enough to form
lumachelles containing specimens up to a maximum height of
70 mm (Dusar, 1925). In this region the whole substage 1s
condensed into a 2-3 m succession containing abundant am-
monites and the pectinids Ch. (Ch.) textoria, Entolinm (E.)
lunare and Wevla. Ps. (Ps.) equivalvis is notable by its ab-
sence.

Ps. (Ps.) dentatus occurs abundantly in reefal deposits in
the U. Pliensbachian of Morocco where it 1s associated with
corals, algae, brachiopods and large bivalves of the genera
Lithiotis, Opisoma and Pachyrisma (Dusar, 1948). Ps. (Ps.)
veyrasensis also occurs but Ps. (Ps.) equivalvis is absent. Ps.
(Ps.) dentatus is found, albeit rather less commonly, in non-
reefal micritic limestones in N. Africa and Provence where it
is often associated with accumulations of rhynchonellid and
terebratulid brachiopods (Lanouing, 1929). In the U. Pliens-
bachian of England, Ps. (Ps.) dentatus only occurs in any
numbers in deposits of the Spinatum zone in Oxfordshire,
Northamptonshire and Somerset, where 1t reaches a max-
imum height of 55 mm (BM 20719). The sediments are
chamositic oolites, locally sandy, containing a [auna domi-
nated by the brachiopods Tetrarbynchia tetrabedra and
Lobothyris punctata. E. (E.) lunare, Ps. (Ps.) veyrasensis and
Ps. (Ps.) equivalvis also occur but the last is much less com-
mon than in contemporaneous deposits further north (e. g.
Cleveland Ironstone) where Ps. (Ps.) dentatus is absent.

Inthe M. Jurassic Ps. (Ps.) dentatus 1s only known to occur
in any numbers in the condensed ironshot limestones of the
Aalenian/Bajocian in Somerset and Dorset where it attains a
maximum height of 38 mm (BM 52121). The associated fauna
is dominated by terebratulid and rhynchenellid brachiopods
and the bivalves Astarte, Pholudomya and Trigonia.

Apart from the occurrences discussed above Ps. (Ps.) den-
tatus s a rare species. Wher it is found over a broad
palaeolatitudinal range, as in the U. Pliensbachian, the
species seems to be more common towards the south.

8. INTERPRETATION OF ECOLOGY

Itis apparent from Section 7 that environments of relatively
high temperature and low turbidity were favourable to Ps.
(Ps.) dentatus. The former view is evidenced by the relative
abundance of the species in low palacolatitudes while the lat-
ter view is evidenced by the large size and frequent abundance
in condensed sequences where a combination of slow
sedimentation and earlv diagenetic cement formation proba-
bly reduced turbidity (see p. 71). The association with her-
matypic corals, which are unable to tolerate high turbidity,
can presumably be explained on the same basis, while the ex-
treme rarity of the species in the Toarcian can be seen to be the
consequence of the widespread development of expanded clay
facies, producing turbid waters and possibly soupy sub-
strates.

Reef deposits and some of the condensed sequences (e. g.
M. Lias chamosite oolites and the Aalenian/Bajocian ironshot
limestones of England) were probably characterised by high
environmental energy as well as low turbidity. However,
others (e. g. those in the L. Lias of S. France) were probably
formed under more tranquil conditions, indicating that rapid
water movement was not a prerequisite for Ps. (Ps.) dentatus.
Indeed the absence of the species from a number of apparently
suitable condensed sequences (see Section 6) coupled with its
occasional presence, in moderate numbers, in expanded
limestone sequences suggests that low turbidity may not have
been the sole or even most important factor controlting dis-
tribution. The association with numerous brachiopods in
both high and low energy environments is unusual for a Juras-
sic pectinid and some reliance on the presence of the latter
group, perhaps for provision of firm substrates for the byssal
attachment of the juvenile (see Section 9), may thus explain
the localised occurrence of Ps. (Ps.) dentatus. Another ex-
planation may be provided by competition with the eurytopic
species Ps. (Ps.) equivalvis whose numbers are inversely cor-
related with those of Ps. (Ps.) dentatus in sediments whose
physical environment of deposition would appear to have
been suitable for both species. Competition with Ps. (Ps.)
equivalvis in such environments could account for the rarity of
Ps. (Ps.) dentatus in the 1. Lias of N. Europe and thus ob-
viate the need to invoke a migration from a more southerly
source (see Section 6). There is no evidence for competition
with Ps. (Ps.) veyrasensis, Entolium (E.) lunare, Chlanys or
Weyli (see p. 71).

It must be admitted that a unified explanation for the
patchy distribution of Ps. (Ps.) dentatus is still wanting and a
more detailed study of its palacoecology might be expected to
reveal some critical aspect of stenotopy which has hitherto
gone undetected.

9. FUNCTIONAL MORPHOLOGY

In Ps. (Ps.) dentatus moderate adultsize and shell thickness
appear to represent a compromise between the opposing
paradigms for reclining in both high and low energy environ-
ments. The firm substrates usually occupied under such con-
ditions (see Section 8) perhaps also allowed the development
of a relatively convex shell with its attendant strengthening
and stiffening attributes by reducing the danger, to which
such a shape is susceptible, of sinking into the substrate. The



ncreased mechanical efficiency thus acquired could account
for the smaller number of plicae relative to the less convex
species Ps. (Ps.) equivalvis. The occasional presence of Ps.
(Ps.) dentatus in expanded micrite sequences does not how-
ever support the foregoing interpretation of morphology as
an adaptation to a reclining mode of life. The moderate shell
size and convexity would have been poorly suited to reclining
on the relatively soft substrates afforded by such sediments.
Moreover, the large juvenile byssal notch indicates that Ps.
(Ps.) dentatus was byssate for at least the early part of its on-
togeny. The subsequent relative reduction in the size of the
notch indicates that this ability was gradually lost but in the
morphologically similar Recent species Argopecten gibbus
(= Aequipecten gibbus nucleus) byssal attachment continues
to shell heights of 35 mm (Stantey, 1970). It may therefore be
that at least early representatives of Ps. (Ps.) dentatus (see Sec-
tion 7) were byssate throughout life.

10. ORIGINS AND EVOLUTION

Since Ps. (Ps.) dentatus is recorded in the Planorbis zone its
origins must be sought before the Jurassic. ‘Pecten’
coronatiformis Krumseck (1924) a species described from the
U. Trias of Timor with vertically striated disc flanks and ven-
trally tongueing growth lines in the sulci, seems the most
likely ancestor. Krumseck's species differs from Ps. (Ps.) den-
tatus only in the possession of angular plicae on the right
valve and rounded plicac on the left valve.

Within Ps. (Ps.) dentatus maximum height shows no sig-
nificant overall phyletic change in the passage from the Het-
tangian (30 mm) to the L. Pliensbachian (70 mm) to the U.
Pliensbachian (55 mm) to the Aalenian/Bajocian (38 mm).
There is, however, limited evidence (see Section 4) for phyle-
tic change in the pattern of plical variability, Hettangian
populations seeming to have a higher mean number of plicae.
Later populations may have been subject to character dis-
placement consequent upon competition with Ps. (Ps.) equi-
valvis (see Section 8), a species having a higher modal
number of plicae (22 cf. 17/18) which only became abundant
in the Sinemurian. Much more detailed analysis of Hettangian
populations is needed to establish the reality of the phyletic
change and a test of the character displacement hypothesis
through an analysis of Aalenian/Bajocian populations
(which, if character displacement has been operative, should
show anincreased mean number of plicae due to the decline of
Ps. (Ps.) equivalvis) is also required. The lack of an obvious
functional basis for character displacement in this example
need not be viewed as evidence against its action. Most re-
ported cases (e. g. Russert, 1972; Scrinort and Gourp, 1977)
can only be explained by invoking selection of a pleiotropic
gene which also codes for a significant but undetected
physiological difference.

It is by no means clear how an apparently stenotopic and
geographically restricted species such as Ps. (Ps.) dentatus
managed to re-establish itself after a drastic reduction in num-
bers through the widespread development of unfavourable
facies in the Toarcian, when the relatively eurytopic and cos-
mopolitan Ps. (Ps.) equivalvis suffered a similar decline
which apparently led to its extinction (see p. 73). Neither is
a convincing deterministic explanation available to account
for the Bajocian extinction of Ps. (Ps.) dentatus although it
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could relate to the extinction of some commensal species (see
Section 8).

Pseudopecten (Pseudopecten) veyrasensis (DUMORTIER 186+4)
PlL. 2, Figs. 19-21: text figs. 62 (pars), 63

Synonymy

? 1855 Pecten aequiplicatus sp. nov; TERQUEM, p. 323,

pl. 23, fig. 5.

1864 Pecten veyrasensis sp. nov; DUMORTIER, p. 163,
pl. 24, fig. 15.

1869 Pecten Julianus sp. nov; DUMORTIER, p. 307,
pl. 40, fig. 1.

1869 Pecten Humberti sp. nov; DUMORTIER, p. 308,
pl. 40. fig. 2.

1872 Pecten Bersaskensis sp. nov; TIETZE, p. 106, pl. 6,
fig. 3.

1878 Pecten heterotus sp. novi GEMMELLARO and D1
Brastin GEMMELLARO, p. 391, pl. 30, figs. 3-5.

1878 Pecten isoplocus sp. nov; GEMMELLARO and D1
BLAST in GEMMELLARO, p. 392, pl. 30, figs. 6, 7.

1886 Pecten Seguenzae sp. nov; DI STEFANO, p. 135,
pl. 4, figs. 31-33.

1892 Pecten convexus PARONA; PARONA, p. 16, pl. 1,

fig. 4.

Chlamys aequiplicata (TERQUEM); COSSMANN,

p. 503, pl. 16, fig. 15.

1926 Chlamys Humberti
p. 113.

1929 Pecten (Pseudopecten) jultanis DUMORTIER; LAN-
QUINE, p. 131.

1932 Pecten cf. Julianus DUMORTIER; TZANKOV and

BONCEV, p. 231, pl. 1, fig. 10.

Aequipecten aequiplicatus (TERQUEM); DECHAS-

EAUX, p. 41.

1948 Pecten (Chlamys) aff. bersaskensis TIETZE; Du-
BAR, p. 162, pl. 14, figs. 4a, 4b.

1948 Pecten (Aequipecten) Julianus DUMORTIFR; Du-

BAR, p. 163, pl. 13, figs. 13a, 13b.

Chlamys (Aequipecten) aequiplicata (TERQUEM);

LENTINI, p. 27, pl. 15, fig. 3.

~

non 1904

(DUMORTIER); ROMAN,

non 1936

non 1973

The type material of Pecten Veyrasensis Du-
MORTIER 1864, p. 163, pl. 24, fig. 15 may be
im MHNL. Duwmorrtier cites the following
dimensions: H: 20, L: 20, C/2: 5, UA: 93.
The material was derived from the M. Lias
(U. Pliensbachian) of Ardeche.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘Testa orbiculari, compressa, costata, costis circa 13 an-
gulatis latis, rugis transversis impressis, quae in medio cos-
tarum angulosae sursum ascendunt, intervallis profunde im-
pressis, foraminatis.

Dimensions: longeur 20 millim., largeur 20 millim., épais-
seur 5 millim. '/5, ouverture de I'angle apical 93°.

Coquille arrondie, épaisse, portant environs 13 cotes, gros-
ses, carenées, ornées de rides satllantes, en chevrons, dont le
sommet est dirigé en haut. Les sillons qui séparent les Cotes
sont étroits et profonds, et comme les chevrons qui ornent les
coOtes viennent s’y rencontrer, il en resulte que ces sillons ne
sont qu’une serie de petites cavités resserrées entre les extrem-
ités de ces chevrons. Entre la derniere cote et la bord de la
coquille il existe une petite aréa, ornée de striés transverses.
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Le bord cardinal est droit - L’oreille anterieure grande, or-
née de striés verticales sinueuses et fortement enchancrée pour
Je passage du byssus: oreille posterieure... La coquille est
fortement sinueuse dans la région palleale. Ce Pecten est pre-
cieux, parce que grace sa livrée riche et compliquée, 1l est tou-
jours reconnaissable, méme dans ces fragments. I} parait spé-
cial aux dépots de I’ Ardeche: je P'ai recueilli a Veyras, dans les
couches remplies de tiges du Neuropora soczalis, si remarqu-
able de cette locahté.

Localité: Veyras. r. Explication de la figure: Pl XXIV,
fig. 15, Pecten Veyrasensis de Veyras, grossi deux fois. De ma
collection.’

2. AMENDED DIAGNOSIS

Distinguished from Ps. (Ps.) dentatus and Ps. (Ps.)
equivalvis by the lower modal number of plicae (14 cf. 17/18
and 22 respectively) and from the latter also by the verucally
striated disc flanks and down-sulcal tongueing of the comar-
ginal striae.

3. AMENDED DESCRIPTION

Essentially similar to Ps. (Ps.) dentatus, differing only by
the diagnostic feature (see Section 2), the range of plical varia-
tion (12-15, text fig. 62) and by the tendency 1o develop arec-
tilinear plical form on the shell interior (Pl. 2, Fig. 21). The
maximum height is 74.5 mm (GPIG).

4. DISCUSSION

The specific name applicable to the range of forms making
up the left-hand peak of text fig. 62 is a matter of some uncer-
tainty. Apparently, the earliest description of a species within
the 12-15 plicae range is “Pecten’ acquiplicatus Terouen. Al-
though the text specifies the relatively uncommon number of
12 plicae the figure illustrates a more typical specimen with 15
plicae. However, Trrour also referred to small spines on the

left valve and subsequent applications of the name, by authors
who may have had access to the type material, have been 10
forms with 12 plicae and spines (Drchaseaux, 1936) or 10
plicae (Lenting, 1973) which suggest that ‘P.” aequiplicatus is
a poorly figured junior synonym of Spondylopecten (Plesio-
pecten) subspinosus. In contrast, CossMaNN (1904) has figured
a specimen with 16 plicae under TerQUEM’s species which
suggests that “P.” aequiplicatus is an extreme variant of
Ps. (Ps.) dentatus. In view of this ambiguous usage and in the
lack of knowledge concerning the whereabouts of the type
material, it seems best to rule out TERQUEM’s species as a can-
didate for the name of the species described in Section 3. The
next available name is ‘P.” Veyrasensis DumorTier. The origi-
nal description (see Section 1) specifies 13 plicae although the
figure shows a more typical number of 14. DuMORTIER’S
species “P.° fulianus and ‘P.> Humbert:, with 12 and t4
plicae respectively, fall within the range of variation and ex-
hibit no other distinguishing features.

The original description ol “P.” Bersaskensis  Tierzr
specifies 16 plicae (outside the range of Ps. (Ps.) veyrasensis)
but since the figure depicts only 15 plicae and specimens with
14 plicae are referred to TiETZE's species by Dusar (1948), it is
possible that *P.” Bersaskensis is a synonym of Ps. (Ps.) vey-
rasensis. However, the width of the sulci and shallowness of
the byssal notch may justify a distinction, although this ap-
pearance could be due to reversed printing of a copper engra-
ing (see p. 17).

‘P. heterotus and ‘P.” 1soplocis GemyeLLARO and D1 Brasi
exhibit 13-14 and 14 plicae respectively, and both have the
moderately high disc flanks, rounded right valve plicae and
angular left valve plicae characteristic of Ps. (Ps.) veyrasensis.
P.’ Seguenzac D1 Sterano with 14-15 plicae is similarly in-
separable.

The original description of ‘P." convexns Parona has
proved impossible to trace but Parona’s (1892) subsequent
use of the name is for a specimen whose figure is indisting-
uishable from Ps. (Ps.) veyrasensis.
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Text fig. 63:  Pseudopecten (Ps.) veyrasensis — European distribution.
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5. STRATIGRAPHIC RANGE

Ps. (Ps.) veyrasensis apparently first occurs in the Angulata
zone (Hettangian) of the Rhone, where it is fairly common
(DUMORTIER, 186+4). There are no unequivocal Sinemurian rec-
ords although numerous specimens are recorded from an un-
specified horizon in the Hettangian/Sinemurian sequence of
Sicily (GemmEeLLARO, 1878). L. Pliensbachian records are re-
stricted to 6 specimens (BM 1.92958-63) from the Jamesoni
zone of the latter area but the species becomes locally quite
common again in the U. Pliensbachian. There are no records
after the Spinatum zone.

6. GEOGRAPHIC RANGE

Ps. (Ps.) wveyrasensts is unknown outside the European
region. Within Europe (text fig. 63) the limited available data
(with unequivocal Hettangian records being restricted to the
Rhone and U. Pliensbachian
Morocco to England) suggests a distribution pattern mirror-
ing thatof Ps. (Ps.) dentatus, thusanorthward migration may
have occurred (however see p. 76).

records extending from

7. DESCRIPTION OF ECOLOGY

Ps. (Ps.) veyrasensis is quite common in the condensed
tronshot [umachelle (Angulata zone) of the northern Rhone
basin where it attains a maximum height of 27 mm (DM). The
diverse associated fauna includes Entolium (E.) lunare, Pinna,
Plicatula and Cardinia. In the Hettangian/Sinemurian of
Sicily, GemmeLLARO (1878) records 23 specimens of Ps. (Ps.)
veyrasensts (Hpay: 20) from limestones with a diverse neritic
fauna dominated by gastropods, the bivalve ‘Modiola’, and
the brachiopods Spiriferina and Rhynchonella. From the
same area D1 Sterano (1886) records Ps. (Ps.) veyrasensis
from an unspecified horizon in the Trias/L. Lias. 6 specimens
(BM 1.92958-63) labelled ‘Jamesoni zone, Sicily” may have
been the basis for Di Sterano’s record and allow a more accu-
rate stratigraphic positioning since they are named
‘P.” Segnenzae, his synonym for Ps. (Ps.) veyrasensis (see
Section 4). D1 Sterano describes an associated fauna consist-
ing mainly of ammonites, spiriferid, terebratulid and rhyn-
chonellid brachiopods and the bivalves Entoliim (E.) lunare,
Oxytoma, Pinna, Plicatula, Modiolus and Pholadomya.

In the U. Pliensbachian of Morocco Ps. (Ps.) veyrasensis
occurs in reefal deposits (fauna p. 76) where it reaches a height
of ca. 30 mm (Dusar, 1948). Ps. (Ps.) dentatus is a notable
associate, as it is in non-reefal micrites in N. Africa and
the Rhone Basin and in locally sandy condensed chamosite
oolites of the Spinatum zone in Northamptonshire, Oxford-
shire and Somerset (fauna p. 76) in which Ps. (Ps.) equival-
vis 1s a relatively rare species compared to similar contem-
poraneous deposits further north. The maximum height of
Ps. (Ps.) veyrasensis in the English occurrences is 24.5 mm
(SM ]J40211) but an 1solated specimen from the U. Pliens-
bachian of Normandy has a height of 74.5 mm (GPIG).
Other than where indicated above Ps. (Ps.) veyrasensis is a
rare species. The limited available data suggests that it is more
common in the southern parts of its geographic range.

8. INTERPRETATION OF ECOLOGY

Ps. (Ps.) veyrasensis occurs in much the same sedimentary
and faunal associations as Ps. (Ps.) dentatus thus a similar
ecological interpretation can be applied (see p. 76). The fact
that the species often co-occur might be adduced to be further
evidence for the view (see p. 60) that they in fact constitute
polymorphs of the same species. However, the fact that
morphs attributable to Ps. (Ps.) veyrasensis are unknown after
the U. Pliensbachian while those attributable to Ps. (Ps.)
dentatus are found in the M. Jurassic is difficult to interpret
on this basis. Nevertheless the subtle ecological difference
which presumably prevents inter-specific competition re-
mains to be demonstrated.

9. FUNCTIONAL MORPHOLOGY

Since Ps. (Ps.) veyrasensis is identical to Ps. (Ps.) dentatis
in almost all aspects of morphology a similar mode of life can
be inferred (see pp. 76, 77). Whether they are considered as
polymorphs or separate species, a functional explanation for
the difference in number of plicae in the two forms is difficult
to envisage. Any saving in weight leading to improved swim-
ming ability through the lower number of plicae in Ps. (Ps.)
veyrasensis would have been offset by the reduced shell
strength and stiffness incurred through the longer plical
wavelength. It seems more likely that the number of plicae
had no functional significance but was controlled by a pleio-
tropic gene which also coded for a selectively significant
physiological difference. Small differences in the mean
number of ribs in closely related Recent species of Cardiun:
have been accounted for in a similar way (RusseLL, 1972).

10. ORIGINS AND EVOLUTION

Ps. (Ps.) veyrasensis almost certainly evolved from Ps. (Ps.)
dentatus but since there is no evidence for heterochrony,
speciation presumably involved a major change in the
genome. Thereisa strong suggestion that Ps. (Ps.) veyrasensis
arose sympatrically in the Rhone basin during the Angulata
zone.

The apparent stenotopy of Ps. (Ps.) veyrasensis (see Sec-
tion 8) combined with phyletic increase in height from
27 mm (Hettangian) to 74.5 mm (U. Pliensbachian) indicates
the prevalence of ‘K’ selection for increased trophic efficiency
(Goutp, 1977).

The post U. Pliensbachian extinction of the species almost
certainly relates to the widespread development of unfavour-
able bituminous shale facies in the L. Toarcian.

Subgenus ECHINOPECTEN Brasit 1895

Type species. OD; Brasiw 1895, p. 12; Pecten barbatus
J. Sowerey 1819, p. 53, pl. 231; Aalenian, Normandy.

AMENDED DIAGNOSIS

RV generally flatter than LV and bearing long, depressed
spines. Jur. (Toar.-Baj.), Eu., S. Am.



DISCUSSION

HerTirin (1969: N372) contended that Ps. (Echimopecten)
could be traced back to the Hettangian. This may be a result of
the inclusion of ‘Pecten’ pollux p’OrsicNy within the sub-
genus. Although the latter has spines on the right valve, the
presence of similar ornament on the left valve is unlike the
type species. There is no other evidence to suggest that the
species are related and ‘P.” pollux is in fact almost certainly
descended from aspecies of Chlamys, within which genusitis
therelore included. The stratigraphic range of Ps. (Echinopec-
ten) 1s consequently herein regarded as Toarcian — L. Bajo-
cian.

Pseudopecten (Echmopecten) barbatus (J. SOwERrBY 1819)
Pl. 2, Figs. 15-18; text figs. 64—66

Synonymy

1819 Pecten barbatus sp. nov; J. SOWERBY, p. 53,
pl. 231.
21833 Pecten barbatus J. SOWERBY; GOLDFUSS, p. 48,
pl. 90, fig. 11.
1850 Pecten barbatus ]. SOWERBY; D'OKBIGNY, v. 1,
p. 284.
Pecten evebus sp. nov; D’ORBIGNY, v. 1, p. 284
(BOULE, 1910, v. 4, p. 68).
1858  Pecten barbatus J. SOWERBY; OPPEL, p. 420.
1867 Pecten barbatus J. SOWIRBY; WAAGEN, p. 631.
1868 Pecten Coquandi sp. nov. JAUBERT, p. 235.
1874 Pecten barbatus J. SOWERBY; DUMORTIER, p. 199,
pl. 44, fig. 6, p. 310, pl. 42, fig. 5.
1886d  Pecten limpus sp. nov; DE GREGORIO, p. 21,
pl. 13, fig. 7.
1886 Pecten barbatus |. SOWERBY; ROTHPLETZ, p. 36.
1893 Pecten cfr. barbatus J. SOWERBY; BOTTO-MICCA,
p- 174.
1895 Pecten  (Echinopecten) barbatus ]J. SOWERBY;
BRrasiL, p. 12.
1899 Pecten barbatns ]. SOWERBY; GREPPIN, p. 120,
pl 12, fig. 5.
1911 Pecten erebus D’ORBIGNY; ROLLIER, p. 266.
1916  Aequipecten barbatus (J. SOWERBY); RICHARD-
SON, pp. 473, 497, 498, 513, 515.
1917 Aequpecten barbatus (J. SOWERBY); PARIS and
RICHARDSON, p. 521.
1927 Aeqiupecten barbatus (J. SOWERBY); RICHARD-
SON, pp. 53, 57.
1929 Pecten (Aequipecten) barbatus J. SOWERBY;
LANQUINE, pp. 199, 300.
1936 Aequipecten barbatus (J. SOWERBY); DECHAS-
EAUX, p. 58.
1950 Chlamys (Aequipecten) barbata (J. SOWERBY);
CHANNON, p. 247.

v* 1850

Lectotype of Pecten barbatus ]. Sowrrsy
1819, p. 53, pl. 231 herein designated; BCM
C 2281.1 (the specimen depicted in the lower
two figures of J. Sowersy’s pl. 231); Inferior
Oolite (Aalenian/Bajocian/pars Bathonian),
England (see p. 81). Paralectotype; BCM
€ 2281.2 (the specimen depicted in the upper
figure of Sowrrsy’s pl. 231); also Inferior
Oolite, England.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘Orbicular, depressed, transversely striated; rays 14, those
upon one valve spinose; spines long, acute, depressed; ears
nearly equal.

The spinose valve is the flattest; the striae upon it are sharp,
and much elevated upon the sides of the rays, from whence
they curve into the bases of the spines, of which there are ab-
out 5 to each ray. The rays upon the other valve are convex,
equal in width 1o the space between them, and crossed by less
elevated striae than those upon the spinose valve. The sides of
both valves, near the ears, are perpendicular and neatly pectin-
ated.’

2. AMENDED DIAGNOSIS

Distinguished from all other species of Pseudopecten by
the presence of long spines on the right valve.

20 40 60

Text fig. 64:  Pseudopecten (Echinopecten) barbatus —
height/length.

3. AMENDED DESCRIPTION

Disc sub-orbicular in juveniles becoming sub-ovate, longer
than high (text fig. 64), near the maximum height of 52 mm
(ENSM). Umbonal angle very variable (text fig. 65) but in-
creasing during ontogeny to produce concave dorsal margins.
Disc flanks moderately high and ornamented with vertical
striae (Pl. 2, Fig. 18).

Equilateral; inequivalve, left valve moderately convex,
right valve almost flat.

Intersinal distance greater in left valve than right. Moder-
ately large byssal notch in right valve becoming relatively
smaller during ontogeny.

Auricles well demarcated from disc, moderate in size, an-
terior slightly larger than posterior. Junction with hinge line
90°. Anterior auricle of right valve meeting disc at an acute
angle. Posterior auricle of right valve and both auricles of left
valve meeting disc at an acute angle. All auricles ornaniented
with pronounced comarginal striae. Hinge line of right valve
bearing dorsally directed spines up to 5 mm in length, spaced
at intervals of 2-3 mm (Pl. 2, Fig. 17).



&
40 . &
A A
g 8
H - LY 4
20+
T T T T T T T T T L S D I |
90 100 10 120

UA

Text fig. 65:  Psendopecten (Echinopecten) barbatus — height/um-
bonal angle.

Exterior of both valves exhibiting 13-1+4 radial plicae, usual-
ly 14 on right valve, 13 on left. Plicae equal in width to sulci,
angular on right valve, rounded on lett. On left valve both
plicae and sulci traversed by comarginal striae (Pl. 2, Fig. 16).
On right valve only [lanks of plicae bearing comarginal orna-
ment but latter more pronounced than on left valve (Pl. 2,
Fig. 17). At shell heights above about 20 mm plicae on right
valve also ornamented with ventrally directed spines up to
10 mm in fength, usually spaced at intervals of about 5 mm
(Pl. 2, Fig. 17).

Plicae rectilinear in form on shell interior. Shell thickness
moderate.

4. DISCUSSION

Of the two syntypes of ‘Pecten’ barbatus ]. Sowersy in the
BCM, the bivalved specimen (C2281.1) is herein selected as
lectotype and the other specimen (C2281.2), aright valve seen
from the interior, becomes, ipso facto, the paralectotype.
The figure of ‘P.” barbatus ]. Sowersy; Gorpruss differs
markedly from the species described in Section 3 by exhibit-
ing 19 plicae and high H/L and H/UA ratios (1). This may,
however, be due to a draughting error and in the absence of
the original (apparently destroyed during the 2nd. World
War) it is impossible to say whether Gorpruss® hypodigm dif-
fered from that of J. Sowrrsy, and thus whether his use of
‘P.” barbatus should be excluded from the synonymy.

The sole observed syntype of ‘P.’erebus 0’OrpiGny
(MNO 2624A; PL 2, Fig. 155 2) from the Bajocian, is a stein-
kern showing the impression of 14 plicae which are rectilinear
in form. In spite of the absence of the diagnostic external
spines this feature aligns ‘P.” erebus with Ps. (Ec.) barbatus
because no other Bajocian pectinids with plicace of this shape
and number are known.

No supporting figure was provided in the erection of
‘P.> Coquandi Jausert. This species, from the Toarcian of
Provence, was said to differ from ‘P.” barbatus by the paucity
of spines on some parts of the shell. Since this is a feature of

S1

the left valve and early ontogenetic stages of the right valve in
J. SowrreY’s species, Jaupert’s diagnosis is madequate. In
fact, LANQUINE (1929) has subsequently examined the latter’s
syntypes and pronounced them to be inseparable from
J. SovERBY’s species.

The figure of “P.” limpus Dt GreGorio apparently depicts a
specimen of Ps. (Ec.) barbatus whose spines have been re-
moved by abraston.

5. STRATIGRAPHIC RANGE

Ps. (Ec.) barbatus first occurs, albeit rather rarely, in the
Toarcian of Provence (Jausert, 1868; Lanouing, 1929), the
Rhone basin (DumvorTier, 187+4) and possibly N. Italy (De
GREGORIO, 1886d). The earliest records appear to be from the
Bifrons zone (L. Toarcian). Subsequently the species be-
comes locally common in the Aalenian and L. Bajocian. BM
66826, from the Laeviuscula zone, is the latest unequivocal
zonally defined record of Ps. (Ec.) barbatus. However, Paris
and RicHARDSON (1917) considered that the specimen herein
designated as lectotype (see Section 4) was, by the evidence of
the matrix, probably derived from the Sauzei zone of Dun-
dry, near Bristol. It may therefore be that some of the many
museum specimens labelled ‘Inferior Oolite’ from this and
other localities in S. England are also derived from the Sauzei
zone. It seems unlikely that any specimens are derived from
later parts of the Bajocian.

6. GEOGRAPHIC RANGE

Ps. (Ec.) barbatus is unknown outside Europe. Within
Europe (text fig. 66) its distribution is patchy and largely re-
stricted to S. England and France. Thisis probably due to the
localised development of the appropriate sedimentary facies
(see Section 8). There 1s some evidence for a migration from
an 1nitial centre in S. France. Unequivocal Toarcian records
are limited to the latter area. Subsequent records from the
Opalinum zone of the Aalenian also include specimens from
N. fraly (Borro-Micca, 1893) and Dorset (RicHarDsON,
1927). However, Ps. (Ec.) barbatus did not spread into
northern Europe in numbers until a later date, despite the
widespread development of the appropriate sedimentary
facies. Thus the Concavum zone marks the first occurrence of
numerous specimens in Normandy (Brasit, 1895) while Ps.
(Ec.) barbatus did not occur widely in S. England until the
Discites zone of the L. Bajocian (Paris and RicHARDSON,
1917).

7. DESCRIPTION OF ECOLOGY

In the Toarcian and Aalenian of Provence Ps. (Ec.) bar-
batus is found in coarse, occasionally sandy, ferruginous
limestones containing chert nodules. Associated faunal ele-
ments are predominantly terebratulid and rhynchonellid
brachiopods although gastropods and the bivalves Pro-
peamussium (P.) laevivadiatum, Entolium (E.) corneolum,
Plagiostoma, Modiolus, Gryphaea, Astarte,
Pholadomya and Pleuromya also occur (Lanouing, 1929).
Ps. (Ec.) barbatus occurs with a similar fauna (to which is add-
ed P. (P.) pumilum) in the thin, pardy phosphatsed, and
locally conglomeratic limestones of the Aalenian (Concavum

Gervillia,



Text fig. 66:  Pseudopecten (Echmopecten) barbatus — European distribution.

zone) in Normandy (Brasit, 1895). The species is absent from
deposits of the same age in S. Germany which are developed
as an expanded shale sequence passing upwards into sand-
stones and chamosite oolites.

In the Laeviuscula zone (L. Bajocian) of Provence Ps. (Ec.)
barbatus is quite common and occurs with a fauna similar to
that described above (with the addition of Ctenostreon) in
hard ferruginous limestones. The fossils are heavily corroded
and phosphate coated, particularly at a hardground horizon
where glauconite and limonite mineralisation has also taken
place (LANQUINE, 1929). Deposits of similar age in S. England
(Discites-Sauzei zones) are developed as condensed ironshot
sandy limestones locally containing exogenous limestone
pebbles. Ps. (Ec.) barbatus is quite common and P. (P.)
laeviradiatum is a frequentassociate in a fauna much the same
as that from Provence (RictiarDson, 1916). Contemporane-
ous deposits in S. Germany consist of condensed marly ool-
ites from which Ps. (Ec.) barbatus has vet to be recorded. The
species is also absent from the deep water pelagic lunestones
of the peri-Mediterranean region. The only records from the
latter area are from Provence (see above) and the Aalenian of
the Italian Alps (De Grecorio, 1886d; Botro-Micca, 1893)
where a few specimens have been found in condensed de-
posits, probably formed on a submarine rise (fauna p. 31).
The few other records of Ps. (Ec.) barbatus appear also to be
from condensed facies.

8. INTERPRETATION OF ECOLOGY

Ps. (Ec.) barbatus frequently occurs with the stenotopic
pectinid Propeamussium (P.) lacvivadiatum and reference
should be made to the analysis presented for this species (p.
31) for a complementary and more detailed interpretation
of synecology.

The coarse-grained, condensed deposits in which Ps. (Ec.)
barbatus usually occurs are indicative of high energy condi-
tions with a low sediment input. Corroded fossils and local
non-sequences provide evidence of active erosion, perhaps as
a result of storms. The extensive mineralisation associated

with slow deposition probably led to the formation of a firm

substrate and may also have promoted the local development
of hardgrounds.

The associated benthic fauna is characterised by adapta-
tions for stability in the face of high environmental energy.
The adaptations of the epifauna are discussed on p. 31. Less
common infaunal elements are characteristically deep bur-
rowing bivalves (Pleuromya, Pholadomya) which were prob-
ably able to avoid the risk of exhumination by living below the
base of storm erosion. Genera which probably hved semi-
infaunally (Plagiostoma, Gervillia, Modiolis) can be adduced,
by analogy with Recent analogues (Staniey, 1970), to have
attained stability by virtue of a strong byssus.

The absence of Ps. (Ec.) barbatus from condensed oolites,
such as are developed in the Aalenian and Bajocian of S. Ger-
many, is probably because the shifting nature of such sedi-
ments created an unfavourable environment. The develop-
ment of spinose ornament on the right valve was probably
made at the expense of swimming ability (see Section 9), thus
occupation of a mobile substrate would have rendered Ps.
(Ec.) barbatus extremely susceptible to sediment swamping,.
Moreover, loose ooliths would have probably afforded apoor
anchorage for the spines. Deep water pelagic limestones were
probably untavourable to Ps. (Ec.) barbatus as a consequence
of their soupy nature at the time of deposition, leading to the
danger of sediment swamping. The absence of Ps. (Ec.) barb-
atus from expanded coarse-grained sequences (as in the
Aalenian of S. Germany) indicates that the tavourability of
condensed coarse-grained sediments for the species lay in
their low turbidity rather than high energy depositional en-
vironment.

The usual occurrence of Ps. (Ec.) barbatus in only moder-
ate numbers with a high diversity fauna suggest that it was an
equilibrium species (Levinton, 1970).

9. FUNCTIONAL MORPHOLOGY

The following features are paradigmatic for a bivalve hiving
in a high energy environment with a reclining habit when
adult.



Large adult size
. Thick shell
. Strongly ornamented lower valve

9 —

. Smooth upper valve

S ]

Low convexity

Of these, Ps. (Ec.) barbatus exhibits features 3, 4 and, to
some extent, 5. The strongly spinose and comarginally
striated right valve represents, in bioeconomic terms, an effi-
cient means of gripping the substrate in the high energy en-
vironments occupied by the species. Presumably environ-
mental energy was never so high as to also necessitate the de-
velopment of a large thick shell for stability whilst reclining.

The possibility that the spines might represent a ‘snow-shoe’ adap-

tation such as has been suggested for Spondylus in the Chalk by

CARTER (1972) can be ruled out because the substrates occupied by

Ps. (Ec.) barbatus were almost certainly firm (see Section 8).

Furthermore the relatively small size of the spines would have

tended to localise rather than spread the weight of the shell. In fact

P. WOODROOF (pers. comm., 1977) reports that Spondylus is

more common in the Cretaceous in coarse grained firmground de-

posits rather than the typical Chalk lithology which is indicative of

a soupy substrate at the time of deposition.

The moderately large juvenile byssal notch indicates that
stability was attained through byssal fixation early in on-
togeny. Spines are absent in the juvenile and the size at which
these are first secreted (H: 20) may correspond to that at
which current-generated overturning moments became too
great for a byssus to be profitably employed.

Although the development of both dorsally directed spines
on the hinge and ventrally directed spines on the disc must
have been highly effective in providing stability against cur-
rents from a wide variety of directions, it must also have sev-
erely impaired swimming ability, such as might have been re-
quired to escape potential predators or sediment swamping
(see Section 8). Any attempt to maove dorsally (the ‘escape re-
sponse’) or ventrally (normal swimming) would have lodged
one or other set of spines even more firmly into the sediment
and thus prevented ‘take-off’. Moreover, even if the animal
was able to rise from the sea-floor the spines would have still
inhibited swimming by greatly increasing the frictional drag.
Ontogenetic increase in umbonal angle indicates an attempt to
prolong swimming ability beyond the juvenile stage. How-
ever, it seems likely that late in ontogeny attempted predation
was resisted by a ‘siege’ policy to which the well developed
plicae contributed by increasing the strength and stiffness of

the shell.

10. ORIGINS AND EVOLUTION

The most likely ancestor for Ps. (Ec.) barbatus is Ps. (Ps.)
veyrasensis. The only major difference between the species 1s
the existence of spines on the right valve in the former. There
1s however no evidence in the form of ancestral allometry to
suggest that the appearance of spines could have been due to
the relatively simple process of heterochrany and trans-
specific evolution may therefore have involved a major change
in the genome. There is a gap of three zones between the first
and last respective appearances of the species and this suggests
that speciation took place outside the main range of the ances-
tor (Europe) in accordance with the allopatric model.
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No phyletic trends are apparent in Ps. (Ec.) barbatus at-
though a rigorous assessment of the possibility of size change
is precluded by the imprecise stratigraphic localisation of
most museum specimens. The largest specimen (H: 52,
ENSM) is labelled ‘Inferior Oolite” (Aalenian/Bajocian).

The post-Sauzei zone extinetion of Ps. (Ec.) barbatus has
no convincing deterministic explanation. Locally, as in the
L. Bajocian of Provence, its disappearance is correlated with
the onset of unfavourable marl deposition. However, at least
in Britain, apparently suitable condensed lacies persist into
the U. Bajocian, where Ps. (Ec.) barbatus is unknown.

Genus SPONDYLOPECTEN Rorper 1882

Type species. M; RoEDER 1882, p. 52; Pecten cf. evinacens
Buvinier; Roeper 1882, p. 52, pl. 2, figs. 4a—c; Oxfordian,
Alsace.

AMENDED DIAGNOSIS

Sculptured with number of strong, usually rounded, radial
plicae, spinose in some species; byssal notch deep; cardinal
area of RV with narrow median groove (similar to Spondylus)
which continues to ligamental pit; hinge of RV with 2 promi-
nent thick teeth which fit into corresponding sockets in LV,
(Apparently some species are attached to tip of RV.) Jur.
(Aalen. [?Hettang.]-Tithon.), Eu., Afr., Asia.

DISCUSSION

In his diagnosis Hertren (1969: N364-365) stated that
spines were restricted to the left valve in Spondylopecten. All
the species here described seem to have had spines on both the
left and right valves. HerTLEN considered that the genus was
restricted to reefs but the results of work presented herein
suggest that this was not so. The stratigraphic and geographic
range given by HertLEN is also extended herein.

Within the toothed Jurassic pectinids two distinct sub-
groups may be recognised. One has numerous rounded plicae
bearing 2—4 rows of spines while the other has fewer, more
angular plicae bearing single rows of spines. There is no direct
evidence to suggest that one group has evolved from the other
and the fact that teeth have been acquired polyphyletically in
various Cenozoic ‘Chlamys’ species (DF Lorior, 1901; Ark-
KELL, 1935a) indieates that there are only grounds of conveni-
ence for uniting the two groups of toothed Jurassic pectinids
within the same genus. They are herein separated at the sub-
generic level; the former group being referred to S. (Spon-
dylopecten) and the latter 1o S. (Pleisiopecten). Plesiopecten
Munier-CHaLMmas was considered by Hertrein (1969) to be
synonymous with Spondylopecten Roeper at the generic
level. However, apart irom the obvious differences in form of
the type species (respectively typical and sole species of the
two groups delineated above), it has been shown by ARKELL
(1935a) that Roepir’s original eonception of Spondylopecten
did not include the type species of Plesiopecten (ci. p. 90).
There are thus ample grounds for employing Spondylopecten
and Plesiopecten as separate subgeneric categories.
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Subgenus PLESIOPECTEN Mounier-CHaLMas 1887

Type species. M; Munier-Crarmas in P. FiscHer 1887,
p. 994; Pectinites subspinosus ScHLOTHEIM 1820, p. 223;

U. Jurassic, S. Germany.

AMENDED DIAGNOSIS

Spondylopecten with angular plicae bearing only one row
of spines. Jur. (Aalen. [?Hettang.] - Tithon.), Eu., Afr.,

Asia.

DISCUSSION

Hrertirin (1969) did not recognise Plesiopecten as a discrete

entity and therefore provided no diagnosis.

Jurassic representatives of S. (Plesiopecten) cannot be sub-
divided so all are herein referred to one species, S. (PL.) sub-

spinosiss.

Spondylopecten (Plesiopecten) subspinosus (ScHLOTHEIM 1820)
PL 3, Figs. -5, 7, ?Fig. 6; text figs. 67-72.

v 1820

V)

1833
v 1833
(?) 1850

v 1850

v* 1850

1850

v* 1850

1852

v

1855

1858
v 1858

1862

~

1862

(?) 1865

1867
1878

BV

1878

v 1883

1888

Synonymy

Pectinttes  subspinosus sp. nov; SCHLOTHEIM,
Do 223

Pecten novemplicatus sp. nov; MUNSTER in GOLD-
FUSS, p. 45, pl. 100, fig. 3.

Pecten  subspinosus  SCHLOTHEIM; GOLDFUSS,
p. 46, pl. 100, fig. 4.

Pecten  novemplicatus MUNSTER; D'ORBIGNY,
v.1,p.257.

Pecten Hedonia sp. nov; D’ORBIGNY, v. |, p. 284
(BOULE, 1910, v. 5, p. 68, 1909, v. 4, pl. 20,
figs. 15-17).

Lima Bellula sp. nov; D'ORBIGNY. v. 1, p. 371
(BoutE, 1927, v. 16, p. 130, 1928, v. 17, pl. 6,
fig. 1).

Pecten  subspinosus SCHLOTHEIM; D'ORBIGNY,
v. 1, p. 373,

Pecten Orontes sp. nov; D'ORBIGNY, v. |, p. 373
(BOULE, 1927, v. 16, p. 131, 1928, v. 17, pl. 6,
figs. 3, 4).

Pecten subspinosus SCHLOTHEIM; QUENSTEDT,
p. 507, pl. 40, fig. 44.

Pecten aequiplicatus sp. nov; TERQUEM, p. 323,
pl. 23, fig. 5.

Pecten Bouchardi sp. nov; OPPEL, p. 492.

Pecten subspmosus SCHLOTHEIM: QUENSTEDT,
p. 500, pl. 67, figs. 3, 4, p. 754, pl. 92, figs. 5, 6.
Pecten subspinosus SCHLOTHEIM; THURMANN and
ETALLON, p. 251, pl. 35, fig. 4.

Pecten Sarmerensis sp. novi ETALLON in THUR-
MANN and ETAILON, p. 259, pl. 36, fig. 11.
Pecten subspimosus SCHLOTHEIM; LYCETT, p. 113,
pl. 40, fig. 14.

Pecten aequiplicatns TERQUEM; TERQUEM and
PIETTE, p. 102.

Pecten subspinosus SCHLOTHLIM; LAUBE, p. 10.
Pecten lottii sp. nov; GFMMELLARO and D1 BLAsI
in GEMMELLARO, p. 389, pl. 20, figs. 1, 2.

Pecten Oromedon sp. nov: DE LORIOL, p. 160,
pl. 22, fig. 21,

Pecten subspmnosus SCHLOTHEIM; BOEHM, p. 612,
pl. 67, figs. 40, 41.

Pecten Bouchardi OPPEL; SCHLIPPE, p. 134,
pl. 2, fig. 13.

>

1893

1894

1901

1903
non 1904

1904

1905
1905

1905

1910

1910

1910

1)1

1916

1916

1916

1931
[eB32

1935a

v

1936

1936

1936

v 1936

1938

1952

1964

? 1973

v 1975

Chlamys  subspinosus (SCHLOTHEIM); SIEMIR-
ADZKI, p. 118.

Pecten subspinoss SCHLOTHEIM; DE LORIOL,
p-42.

Pecten (Plesiopecten) subspinosus SCHLOTHEIM;
DE LORIOL, p. 105.

Pecten subspimnosus SCHLOTHEIM; REMES, p. 203.
Chlamys of. aequiplicata (TERQUEM); COSSMANN,
p. 503, pl. 16, fig. 15.

Pecten (Plesiopecten) subspinosns SCHLOTHEIM;
DE LORIOL, p. 230, pl. 23, figs. 5, 6.

Pecten subspinosus SCHLOTHFIM; PERON, p. 215.
Pecten lykosensis sp. nov; KRUMBECK, p. 103,
pl. 4, figs. la—c.

Pecten (Chlamys) oromedon DE LORIOL; KILIAN
and GUFBHARD, p. 817.

Pecten subspinosits  SCHLOTHEIM; SIMIONESCU,
p. 13, pl. 2, fig. 13.

Plesiopecten subspinosus (SCHLOTHEIM); L1sSA-
jous, p. 362, pl. 9, fig. 20.

Chlamys (Aequipecten) Hedonia (D’ORBIGNY);
COSSMANN, p. 12, pl. 1, figs. 14-17.

Chlamys (Aequipecten) Bouillerier: sp. nov;
COSSMANN, p. 2, pl. 1, figs. 5, 6.

Pecten (Plesiopecten) subspinosis SCHLOTHEIM;
DouviLLE, p. 74, pl. 9, figs. 6, 6a.

Aequipecten bouchardi (OPPE1); RICHARDSON,
pp. 494, 505, 507, 508, 511.

Aequipecten  bouchardi  (OPPEL); PARIS and
RICHARDSON, p. 522.

Pecten subspinosus SCHLOTHEIM; FAURE-MAR-
GUERIT, p. 56.

Plesiopecten  fusciacensis sp. novs LISSAJOUS,
p. 163, pl. 30, figs. 7, 7a, 8, 9.

Spondylopecten subspinosus (SCHLOTHEIM); STAE-
SCHE, p. 107, pl. 4, fig. 9.

Spondylopecten Bouchardi (OPPEL); STAESCHE,
p. 108, pl. 4, fig. 8.

Aequpecten  Bouchard:  (OPprL); LANQUINE,
p.323.

Pecten subspinosus SCHLOTHEIM; YIN, p. 122,
Spondylopecten  subspinosus  (SCHLOTHEIM);
FRENTZEN, p. 56.

Plesiopecten subspinosus (SCHLOTHEIM); ARKELL,
p- 364, pl. 53, figs. 4, 5.

Aequipecten aequiplicatus (TERQUEM); DECHAS-
EAUX, p. 41.

Spondylopecten Hedonta (D’ORBIGNY); DECHAS-
EAUX, p. 65.

Spondylopectern Bouchardr  (OPPEL); DECHAS-
EAUX, p. 65.

Spondylopecten subspinosus (SCHLOTHEIM); DE-
CHASEAUX, p. 66, pl. 8, fig. 9.

Plesiopecten subspinosis (SCHLOTHEIM); WEIR,
p. 50, pl. 3, fig. 18.

Chlamys (Plesiopecten) subspinosa (SCHLOTHEIM);
Cox, p. 18, pl. 1, figs. 9-12.

Plesiopecten bonchardi (OPPEL); WELINHOFER,
p- 39, pl. 1, fig. 27.

Chlamys (Aequipecten) acquiplicata (TERQUEM);
LENTINI, p. 27, pl. 15, fig. 3.

Spondylopecten subspinosus (SCHLOTHEIM); YAM-
ANI, p. 59, pl. 3, figs. 3-6.

Lectotype of Pectinites subspinosis SCHLOT-
HEIM 1820, p. 223 designated herein; HM
MB-M. 25.4; PL 3, Fig. 1 herein; H: 13.5,
L:13.5, UA: 90, PL: 12; Hornstein (?Kim-
meridgian), Grumbach bei Amberg (Fran-
conia). Paralectotypes; HM MB-M. 25.1-
3,5-7 (6 specimens).



1. ORIGINAL DIAGNOSIS AND DESCRIPTION

,Mehrere Exemplare in Hornstein, gleichfalls von Amberg
(12 Ex.).

In der Form dem vorhergehenden ziemlich dhnlich nur viel
kleiner, und hochstens nur einen Zoll im Durchmesser errei-
chend, mut verhiltnismifig ziemlich breiten, mit gekérnten
Querstrichen versehenen Ohren. Von flacherer Wolbung als
der vorhergehende. Beyde Halften gleichformig gewolbt, die
Rippen stark hervorspringend, spitzwinklich zulaufend, und
mit kleinen Dornen besetzt. Di¢ schr feinen eng zusammen
stehenden erhabenen Querrippen sind nur in den Zwischen-
furchen sichtbar, und veranlassen, daff man Einkerbungen
oder vertiefte Punkte in den Zwischenfurchen wahrzuneh-
men glaubt. Ein darunter befindliches zum Theil verkieseltes
Exemplar ist unter den Hornsteinversteinerungen merkwiir-
dig. Er scheint in der dortigen Gegend ziemlich hiufig zum
Vorschein zu kommen.

2. AMENDED DIAGNOSIS

As for diagnosis of subgenus (p. 84).
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Text fig. 67: Spondylopecten (Plesiopecten) subspinosis —
height/length.

3. AMENDED DESCRIPTION

Disc sub-orbicular at all ontogenetic stages (text fig. 67),
maximum height 27 mm (BM L68240). Umbonal angle very
variable (text fig. 68) but increasing slowly during ontogeny
to produce slightly concave dorsal margins. Disc flanks high.

Equilateral, umbones projecting slightly beyond hinge
line; equivalve, convexity variable, moderate to high, increas-
ing with approximate 1sometry (text fig. 69).

Intersinal distance greater in left valve than right. Moderate
byssal notch in right valve becoming relatively smaller during
ontogeny.

Auricles well separated from disc, moderate in size, an-
terior largersthan posterior. Anterior auricle of right valve
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Text fig. 68:  Spondylopecten (Plesiopecten) subspinosus
height/umbonal angle.

meeting hinge line and disc at 90°, anterior auricle of left valve
meeting hinge line and disc at an acute angle. Posterior auri-
cles of both valves meeting hinge line and disc at an acute
angle. All auricles sloping from umbo towards opposite valve
(PL. 3, Fig. 4) at a maximum angle of 20°. Anterior auricle of
right valve ornamented with four radial costae.
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Text fig. 69:  Spondylopecten (Plesiopecten) subspinosus — convex-
1ty/height.

Exterior of both valves ornamented with between 10 and 13
angular radial plicae (text fig. 70), equal in width to sulci; usu-
ally one more plica in right valve than left. Plicae poorly de-
fined near anterior and posterior margins. Large specimens
may develop additional intercalary plicae (THurManN and
ETaLLon, 1862; YiN, 1931). Crests of plicae bearing ventrally
directed spines up to 2 mm in length and spaced at intervals of
about 2 mm (PL. 3, Fig. 3). Sulci traversed by strong comar-
ginal striae (Pl. 3, Fig. 3) fading out on the plical flanks and
towards the ventral margins of large specimens (P1. 3, Fig. 7).
Plical cross-section rectilinear and reduced in amplitude on
nterior of shell (Pl. 3, Fig. 5); shell thickness high.

Cardinal area of right valve bearing two peg-shaped crura

(PI. 3, Fig. 2), anterior larger than posterior and vertically
striated; corresponding sockets in left valve.
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Text fig. 70:  Spondylopecten (Plesiopecten) subspinosus — frequency
distribution for number of plicae on right valve.

4. DISCUSSION

The 12 syntypes originally described by Schroraemv (1820)
as ‘Pectinites’ subspinosus were subsequently added to such
that the Schrotrent collection (HM) now contains 18 speci-
mens under this specific name (Dr. J. Herws, pers. comm.,
1978). The specimens are variably preserved and it 1s not cer-
tain which constitute the syntypes. However, all appear to be
referable to the species described in Section 3 and this fact to-
gether with the unambiguousness of the description (see Sec-
tion 1) can leave little doubt as to SchrotHent’s hypodigm.
Accordingly one of the I8 specimens (HM MB-M. 25.4;
Pl. 3, Fig. 1) is herein designed as lectotype and a further 6
specimens (HM MB-M. 25.1-3, 5-7) are selected as paralec-
totypes.

The single observed type of ‘Lima’ Bellula 0’Orsiony
(MNO 3737) and the sole observed type of ‘P.” Hedonia
D’OrBiGNY (MNO 2421) with 12 and 13 plicae respectively,
together with the two syntypes of ‘P.” Orontes D' ORBIGNY
(MNO 3766) with 11 and 13 plicae, all fall within the range of
plical variation in S. (PL) subspmosus and can be disung-
uished on no other count. Similarly, 2. lykosensis Krun
grek and ‘Chlamys’ (‘Aequipecten’) Bouillerieri CossMANN,
both with 11 plicae, cannot be accorded a specific distinction.

Although the figure of ‘2. aequiplicatus Trroury shows
15 plicac and is similar to Psexdopecten (Ps.) veyrasensis the
text specities 12 plicae and spinose ornament as is characteris-
tic of S. (Pl.) subspinosus. Some subsequent applications of
TrrouEW’s specific name by authors who may have examined
the type material appear to bear out the latter assignation (e. g.
Lenting [1973] for forms with 10 plicac and Drchaseaux
[1936] tor forms with 12 plicae and spines). However, Coss
MANN's (1904) usage is for a form with 16 plicae which is prob-
ably referable to Ps. (Ps.) dentatus and it is thus conceivable
that *P.” aequuplicatus Terourm could represent the extremes
of variation in the latter species. Unfortunately discussion of
the taxonomic position of “P." aequiplicatus is hampered by

the fact that the presence or absence of the cardinal crura diag-
nostic of Spondylopecten has yet to be demonstrated in either
the specimens cited in the bibliographic references above orin
museum specimens from comparable horizons (Lias) ex-
amined by the author (however see Section 5). For the same
reason the taxonomic position of ‘P.” novemplicatus MoN-
stk (a species founded on a fragmentary specimen from the
Lias which must have originally possessed about 12 plicae) 1s
also uncertain.

‘P.” Bouchardi OpprL was onginally erected for forms dif-
fering from typical S. (Pl.) subspinosis only by their greater
convexity and stronger plicae. Staesche (1926), in maintain-
ing a specific distinction, added that such forms were also
characterised by wider sulci lacking in comarginal ornament
but failed to recognise that all four features are correlates of
relatively large size, as is clearly illustrated by his figured
specimen (H: 20.9). ‘PL’ fusciacensis Lissajous, erected for
large specimens (Hy: 27) lacking comarginal ornament in
the sulci, is similarly inseparable from S. (PL) subspinosus and
since the development of intercalary plicae appears to be
another correlate of large size (Yin, 1931), ‘P.” Sarmerensis
Eration cannot be accorded a specific distinction on this
basis.

‘P." Oromedon vr Lorior only differs from S. (PL) sub-
spozosus by its more rounded plicae. This is almost certainly
the result of abrasion.

‘P.” lottir GrumirLaro and D1 Brast was erected for asingle
specimen from the L. Lias resembling S. (PL) subspiiosus in
its convexity and Ps. (Ps.) veyrasensis in its number of plicae
(15). StarsctrF (1926) has suggested that 1t may represent a
transitional form between the two species (but see Sec-
tion 10).

5. STRATIGRAPHIC RANGE

None of the small Lias pectinids with approximately 12
plicae whose greater convexity and more angular plicae merit
a distinction from Ps. (Ps.) veyrasensis, is seen from the n-
terior. ttis therefore impossible to say whether the cardinal
crura diagnostic of Spondylopecten are present and thus
whether the specimens in fact constitute examples of S. (P1)
subspinosus. Some of the specimens are devoid of shell (e. g.
GPIG 868-4; PL. 3, Fig. 6) but enough with the remnants of
plical spines (c. g. BM L30494) exist to suggest strongly that
all are referable to S. (PL) subspinosus. Of these, the earliest
specimen is from the Hettangian (GPIG). Bibliographic rec-
ords of possibly conspecific specimens (see Section 4) also
extend back to the Hettangian in the E. Paris Basin (TerQUEM,
1855; Terourn and PieTTe, 1865; DECHASEAUYX, 1936) and the
L. Lias in Sicily (GEvmELLARO, 1878; LEnTing 1973). How-
ever, there can be no doubt that if it exists at all, S. (PL) sub-
spinosus is a rare species before the M. Jurassic.

Unequivocal Aalenian records are limited to one specimen
from the Opalinum zone (BM L41933) and another from the
Murchisonae zone (BM unnumbered) of Dorset. However,
the species 1s quite common by the U. Bajocian and n suit-
able facies (see Section 8) it is found thus in all stages to the
U. Tithonian (Bornw, 1883; Remes, 1903; FAURF-MARGUERIT,
1920; Yin, 1931).
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Text fig. 71: Spondylopecten (Plesiopecten) subspinosus — World distribution (Callovian reconstruction).

6. GEOGRAPHIC RANGE

In the M. and U. Jurassic S. (PL.) subspinosus has a geog-
raphic range extending south from Europe along the southern
shores of Tethvs to include about 50° of palacolatitude (text
fig. 71).

Within Europe (text fig. 72) L. Jurassic records are scat-
tered but widespread. However in the M. and U. Jurassic S.
(PL.) subspinosus is restricted to those areas which lay north of
the Tethyan deep water zone and more locally in the U. Juras-
sic its numbers are strongly correlated with the development
of coral reefs (see Section 8). Nevertheless, only three speci-
mens are recorded by Arkerr (1935a) from apparently suita-
ble coralliferous facies in Cambridgeshire and Yorkshire and
this suggests that N. England marked the northern limit of
the geographic range of S. (PL.) subspinosus.

7. DESCRIPTION OF ECOLOGY

Potential early records of S. (PL.) subspinosus (see Sections
4, 5) from the Hettangian of Luxembourg (Terouem, 1855)
and E. France (Terouem and PieTTE, 1865; DEcHASEAUN, 1936)
are derived from sandstones containing abundant gastropods
and the bivalves Cardinia and Lima together with rarer ex-
amples of Chlamys (Ch.) textoria, Ch. (Ch.) valoniensis,
Pseudopecten (Ps.) equivalvis, Entolium (E.) lunare and
Camptoncectes (C.) subulatus.

In the U. Bajocian (Garantiana and Parkinsoni zones) of
Somerset and Dorset, S. (PL) subspinosus occurs quite com-
monly in brown ferruginous limestones, reaching a maximum
height of 23 mm (BM L1845528). The associated fauna is
abundant  and bivalves
Pserdomonotis, Limatula, Trichites, Trigonia, ‘Ostrea’, Pro-

diverse, comprising  the
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Text fig. 72: Spondylopecten (Plestopecten) subspinosus — European distribution.
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tocardia and a variety of pholadomyoids together with tere-
bratulid brachiopods, in- and epifaunal gastropods, infaunal
echinoids and rare corals (RicHARDsON, 1917).

Sediments of Aalenian/Bajocian age in Normandy also
contain S. (PL.) subspinosus but the exact horizon and facies is
unknown.

Although widespread, the species does not occur com-
monly anywhere in Europe during the Bathonian. Rare
specimens reaching a maximum height of 27 mm are recorded
from the Retrocostatum zone (Aspidoides zone of ARkELL,
1956) of the Maconnais in a condensed ammonite bed (Lissaj-
ous, 1923).

S.(Pl.) subspinosus occurs commonly in the condensed fer-
ruginous oolites of the Macrocephalus zone (L. Callovian)in
S. Germany and Switzerland (Orrer, 1858; ScHuipee, 1888;
StarscHe, 1926). The maximum size attained is 21 mm
(GPIT). Deposits of the same age in Cutch (india) are de-
veloped as limestone/shale alternations containing common
S. (PL.) subspinosus in association with S. (S.) palinurus and
the ‘coarse’” and ‘intermediate’ phenotypes of Ch. (Ch.) tex-
toria. Elsewhere the species is rare in the Callovian but it re-
wrns in large numbers in the Oxfordian, particularly to
E. France and Switzerland where the stage is frequently de-
veloped in reefal facies. S. (Pl.) subspinosus 1s particularly
abundant in the U. Oxfordian of the Yonne where, in addi-
tion to the framework of corals and Diceras, thereis an abun-
dant associated fauna including the coral-inhabiting S. (S.)
palinurus, S. (S.) subpunctatus, Camptonectes (C.) virdunen-
szs and Radulopecten inequicostatus together with the ‘coarse’
phenotype of Ch. (Ch.) textoria (PErON, 1905). However, S.
(PL.) subspinosus also occurs quite commeonly in the L. Ox-
fordian of the same region which is developed as marls and
non-reefal limestones. In similar sediments in the Transver-
sarium zone (U. Oxfordian) of tsere it reaches a height of
27 mm (BM L68420).

S.(PL.) subspinosus and other species of Spondylopecten are
absent from the M. and U. Oxfordian reefs of the Oxford
area vet coral/Nerimea-rich facies at a similar palacolatitude
(text figs. 71, 72) in Poland contain common examples ot S.
(Pl.) subspinosus together with S. (S.) palinurus, S. (S.)
globosus, R. iequicostats and  Ch. (Ch.) textora
(SiEMIRADZEKI, 1893).

S.(PL.) subspinosus is absent [rom Kimmeridgian coral/Di-
ceras factes in the Jura (e. g. ConTEJEAN, 1859) and is likewise
absent from coral patch reefs of the same age at La Rochelle
(Charente Maritime). Other reef dwelling pectinids are ex-
tremely rare at the latter locality although the bivalve faunais
otherwise rich (Harviam, 1975b).

Tithonian records of S. (Pl.) subspinosus are restricted to
localised reefal deposits. Thus the species is found in the
L. Tithoman of Nattheim (Frentzen, 1932) and Neuburg
(Yamany, 1975) in S. Germany; the U. Tithoman of Stram-
berg in Czechoslovakia (Bornwv, 1883; Remes, 1903), Isere
(FAurE-MARGUERIT) and Languedoc (Yin, 1931)in S. France,
and also undifferentiated Tithonian in S. France (Kitian and
GuesHARD, 1905) where it reaches a maximum height of
19 mm. The associated fauna is in all cases rich and diverse
and dependant on the locality is made up of various combina-
tions of the reef-dwelling pectinids mentioned above (to

which is added S. (S.) cardinatus) rogether with Plagiostoma,
Trichites, Gervillella, Diceras and Arctostrea, pleurotomariid
and  nerineid  gastropods, thick  shelled terebratulid
brachiopods, cidaroid echinoids, crinoids, corals and calcare-
ous sponges. In what are otherwise faunally indistinguishable
facies in the L. Tithonian of Sicily, S. (PL.) subspinosus is ab-
sent (GEMMELLARO and Di Brasi, 1874; GEMMELLARO, 1875).

8. INTERPRETATION OF ECOLOGY

Both Hirtrrin (1969) and HaiLam (1976) consider Spon-
dylopecten to be an exclusively reet-inhabiting genus. While
in the case of S. (PL.) subspinosus it is undoubtedly true that
the species occurs most abundantly in reefal deposits, the data
of Section 7 provide good evidence that for at least the pre-
Tithonian parts of its range S. (Pl.) subspinosus was not con-
fined to this habitat. All pre-Oxfordian records appear to be
from faunally diverse level bottom situations, usually accom-
panied by fairly high environmental energy. Such facies also
contain the largest representatives of the species. The occa-
sional presence of corals and reef-associated Chlamys and §.
(Spondylopecten) species might be held to indicate that §.
(PL.) subspinosus was derived from unexposed reefs nearby.
However, more coral-rich horizons (e. g. Upper Coral Bed,
U. Bajocian, S. England) containing numerous examples of
S. (Spondylopecten) are noticeably lacking in S. (PL) sub-
spinosus. Moreover, undoubted reefs, such as those of the
U. Pliensbachian in Morocco (Dusar, 1948) and the L. Bajo-
cian in E. France (Hatiam, 1975b) were not colonised. 1n the
former case the absence of the reef-associated ‘coarse’
phenotype ot Ch. (Ch.) textoria (S. (Spondylopecten) had yet
to arise) could indicate that a general competitive exclusion by
the common Psendopecten, Lithiotis and Pachyrisma, was in
operation. However, in the latter case no such process can be
invoked as these forms are absent and the ‘coarse’ phenotype
of Ch. (Ch.) textoria, a frequent associate of S. (Pl.) sub-
spinosus at later horizons, is abundant. Nevertheless, with re-
spect to a general synthesis of habitat range in the Bajocian, it
must be admitted that the absence of of S. (Spondylopecten)
species (which also occur with the ‘coarse’ phenotvpe of Ch.
(Ch.) textoria at later horizons) suggests that some special
feature of the L. Bajocian reefs in E. France made them un-
favourable to Spondylopecten as a whole (see below). Even
so, given the foregoing evidence the onus of proof must now
pass to those who would still claim that Spondylopecten was
an entirely reef-restricted genus.

Reefs were firstundoubtedly colonised in the Oxfordian al-
though level bottom environments were also inhabited. Sub-
sequently in the Tithonian, reefs apparently became the sole
habitat. The diverse fauna of byssate (S. (Spondylopecten),
Ch. (Ch.) textoria, Trichites, Gervillella) and cemented (Di-
ceras, Arctostrea) bivalves attests to the abundance of hard
substrates while the luxuriance of the coral growth indicates
that the sea was shallow, warm, well oxygenated and of low
turbidity.,

The absence of S. (PL.) subspinosts from some U. Jurassic
reefs within the latitudinal range of the species could perhaps
be explained by their particular coral fauna and resultant
structure. Personal examination of the in situ L. Kimmerid-
gian patch reefs near La Rochelle, in which other species of



Spondylopecten are also extremely rare, reveals that they are
dominated by sheet and dome-like masses of Isastrea and
Thamnasteria which produce a very dense structure. (The
same s true of the L. Bajocian reefsin E. France —see above.)
As such thev could have provided relatively few sites for the
kind of nestling habit inferred for Spondylopecten (see Sec-
tion 9). By contrast, at least in the L. Tithonian reef at Natt-
heim, there is 2 dominance of the arborescent Thecosmilia
(FRENTZEN, 1932) which could have afforded abundant nest-
ling sites for S. (P1.) subspinosis and the other common species
of Spondylopecten. In addition to its absence at La Rochelle,
S.(PL) subspmosus is, however, also lacking in the Oxfordian
reefs around Oxford and these reefs, apparently within the
latitudinal range of S. (PL) subspinosus, contain abundant
Thecosimlia. Possibly this apparent anomaly may yet be ex-
plained as a consequence of some overriding large-scale con-
trol on distribution (e. g. environmental stability — see below).
However, the presence of S. (Spondylopecten) species and
the absenceof S. (PL.) subsprosus from the L. Tithonian reefs
in Sicily casts further doubt on the importance of general reef
structure in determining the occurrence ot Spondylopecten,
and the extreme rarity of S. (S.) palinrus at Nattheim also
suggests that forms were subject to a more specific control
(see p. 96). Unfortunately there are no modern reef-dwelling
morphological analogues of S. (PL) subspimosus to allow a
comparison in micro-habitat preference. The pectinid fauna
of Recent reefs appears to be dominated by Chlimys species
of low convexity (Warrer, 1972b).

From the foregoing one may reach the speculative conclu-
sion that S. (PL.) subspinosus gradually evolved from being a
member of level bottom communities into one confined to the
reef habitat and that within the latter there may have been a
preference for the more open structures produced by branch-
ing corals. Possibly some unpreserved softbodied organism
afforded the same niche prior to the occupation of coral reefs
since the small convex shell would have been poorly suited to
life on the sea floor (see Section 9). The usual occurrenceof S.
(PL) subspinosus in moderate numbers in a high diversity
fauna suggests that it was an equilibrium species (LEvinTON,
1970).

The absence of S. (PL) subspinosus from fine-grained de-
posits such as the pelagic limestones of the M. & U. Jurassic
in the Tethyan region and the phyllosilicate clays of the Ox-
fordian and Kimmeridgian in N. Europe suggests strongly
that the species was intolerant of turbid waters and soupy sub-
strates. While S. (PL) subspinosns does occur in lime-
stone/shale (Callovian, Cutch) and limestone/marl (L. Ox-
fordian, Yonne) sequences, it seems highly likely that the
species was restricted to relatively coarse-grained limestones.

The rarity of S. (PL.) subspinosus in the Oxfordian coral-
liferous deposits of central and northern England (see Sec-
tion 6) may be simply the result of a temperature dependence.
However, Hartav (1975a) has proposed a multi-component
explanation based on stability theory (Savprrs, 1968, 1969)
for the N/S provinciality exhibited by a variety of Jurassic
taxa and it could thus be that the general environmental insta-
bility resulting from shallower seas, greater seasonal fluctua-
tions in temperature and the more frequent incidence of
storms caused the relatively stenotopic S. (PL.) subspinosis to
be excluded from high latitudes.
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9. FUNCTIONAL MORPHOLOGY

The small adult size and relatively large byssal notch ot S.
(PL.) subspinosus indicate that the species could have remained
byssate throughout ontogeny. However, the thick, strongly
inflated shell is non-paradigmatic for a free-swinging mode of
life and in the absence of any downward slope of the hinge line
from posterior to anterior, the high convexity of the right
valve renders the species poorly adapted to tight fixation on a
single planar surface. Suitably pitted surfaces could have pro-
vided nestling sites for the right valve but the similarity in
shape and ornament of the valves suggests that both were ex-
posed to the same environment. Thus it 1s proposed that §.
(PL.) subspinosus lived tightly fixed between two or more sur-
faces with the ventrally directed spines gripping the substrate
and adding to the effect of a heavy shell and byssus in provid-
ing stability against the actions of currents, waves and pre-
dators. Under such circumstances effective fixation could
only have been achieved by a close matching of shell convex-
ity to width of ‘cavity’. This might have resulted from
either of two strategies:

1. Developmental flexibility in convexity to suit the mic-
ro-habitat in which the spat initially settled.

2. Selection by the spat of micro-habitats of appropriate
size and shape.

Some evidence for the former is provided by the variation in
convexity of S. (Pl.) subspimosus. However, it cannot yet be
said whether this is a positively adaptive trait brought about
by developmental flexibilitv. Some evidence for the latter
strategy is provided by the occurrence of S. (PL.) subspinosus
with other Spondylopecten species, implying that selection of
micro-habitats of species-specific size and shape prevented
competition for space and thus allowed coexistence. In this
respect it is worth noting that of the total of only three fea-
tures which aid in distinguishing Spondylopecten species, one
is convexity. Since Spondylopecten usually occurs in reefs
there is the possibility that the growth forms of different coral
species provided the appropriate crevices, fissures etc. for
each species of Spondylopecten (but see p. 96). For S. (Pl.)
subspinosus itis hikely that some softbodied organism played
the same role during the early part of its straugraphic range
(see Section 8).

Further evidence for the vital role of convexity in the Spon-
dylopecten mode of life is provided by the impressive array of
coadaptations which high convexity has necessitated. Depar-
ture from the low convexity form of most pectinids raises the
problem of interpenetrant umbones when gnomonic growth
of the shell results in a logarithmic spiral of more than half a
revolution (Stasen, 1963). In the apparent impossibility of in-
terumbonal growth or lateral displacement of the umbones in
the Pectinidae, the problem seems to have been solved in
Spondylopecten by the development of teeth which effec-
tively lift the hinge out of the plane of commisure and thus
prevent umbonal friction (text fig. 73). This has the disadvan-
tage of tending to split the ligament upon shell closure (text
fig. 74) thus a further adaptation, downward growth of the
auricles towards the opposite valve, 1s required to maintain
contact between the valves (Pl. 3, Figs. 4,8).

In contrast to the above interpretation, StarscHe (1926)
contended that thickness, convexity, prominent plicae and
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Text fig. 73:  Articulation in high convexity shells (schematic).

cardinal teeth were all strengthening adaptations to the tur-
bulent environment of a reef. However, Stavcey (1970) has
shown that the most exposed of modern shores are colonised
by relatively thin-shelled, unornamented bivalves, thereby
implying that water movements even of a violent kind are in-
sufficient to warrant the development of a strong shell. Simi-
larly  Staesctr’s suggestion that the above features are
strengthening adaptations directed against crab predation in
the reefal environment can be ruled out because there 1s no
evidence to suggest that this is any more of a problem in reefs
than in level-bottom communities, where smooth, flat, thin-
shelled, edentulous pectinids also occur.

DURESS
ligament
tense —

L CLOSED

Text fig. 74:  Schematic section of umbonal region in Spondylo-
pecten with probable condition of outer ligament upon valve opening
and closure.

It is unlikely that the plicae could have added any usetul
strength and stiffness to that provided by the thick shell and it
is more probable that they served to increase purchase upon
the substrate (see above).

The heavy shell, moderate to high convexity and prominent
ornamentation render it unlikely that S. (PL) subspinosus
could have been anything more than a very inefficient swim-

mer.

10. ORIGINS AND EVOLUTION

On the basis of its overall similarity, the most likely ances-
tor for §. (PL.) subspimosus is Pseudopecten (Ps.) veyrasensis.
The acquisition of cardinal teeth, spinose ornament and a dif-
ferent pattern of plical variation (10-13 ¢f. 12-15 plicae) by S.
(PL.) subspinosus cannot be attributed to heterochrony acting
upon ancestral allometries so it is likely that trans-specific
evolution involved a profound rearrangement of the genome.
StaescHt (1926) considered that *Pecten’ lottii GEMMELLARO
and 01 Brast (see Section 4) represented a transitional stage be-
tween Psendopecten and Spondylopecten. However, the
species is only known from one example (from an unspecified
horizon in the L. Lias) thus “P.” [ottir is more reasonably to
be thought of as an extreme variant of either S. (PL) sub-
spinosus or Ps. (Ps.) veyrasensis rather than an indicator of
gradual evolution between the species.

There appear to be no phyletic changes within S. (PL) sub-
spinosus. The range of plical variation remains constant; forms
with 10 and 13 plicae being known from the M. (e. g. BM
65939 and MNO 2421) and U. (¢. g. MNP $3842 and MNO
3766) Jurassic. Apparent phvletic oscillations in maximum
height from 23 mm (U. Bajocian) to 27 mm (U. Bathonian)
t0 21 mm (L. Callovian)to 27 mm (U. Oxlordian) to 19 mm
(Tithonian) could well be related to the environment (see Sec-
tion 8).

Subgenus SPONDYLOPECTEN s. s.

(synonym Cardinopecten RoLLIER 1904)

ORIGINAL DIAGNOSIS

(see p. 83 for the reason for the inclusion 6f this section)

,Das interessanteste an diesen Formen ist jedenfa as
D t test i F t jedenfalls da
Schlof, und dariiber geben meine verkieselten Exemplare



guten Aufschlufl. Auf der rechten Klappe sicht man unter
dem wenig gewolbten Wirbel eine verhilmismafiig breite
Area, die durch die Bandgrube wie bei Spondylus gespalten
1st.

Neben der Bandgrube liegen unter der Area jederseits
Zihne und zwar 1st der vordere bedeutend grofler, vorausge-
setzt, dafl der hintere nicht teilweise abgebrochen ist, was bei
meinen Exemplaren immerhin méglich wire.

QuensTeDT hebt diese Ungleichheit der Zihne jedoch auch
fiir seinen Pecten globosus . . ., auf denich gleich noch zu spre-
chen komme, hervor, deshalb scheint sie also normal zu sein.
Der grofle Vorderzahnist [6ffelformig in die Hohe gekrimmt
und zeigt auf der Area zugekehrten Seite senkrechte, parallel
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Streifen; der Hinterzahn ist klein und undeutlich, er erhebt
sich kaum uber die Area. Auflerdem ist der gerade Schlofi-
rand, vorn der Oberrand des Ohres, mit feinen senkrechten
Kerben versehen. Von der linken Klappe besitze ich leider
kein ganz erhaltenes Schlof; ich habe nur die senkrechten
Kerben auf dem Schlofrande constatiren konnen.© (relevant
extract from description of Pecten (Spondylopecten) cf. eri-
nacens BuvieNier; ROEDER, 1882)

AMENDED DIAGNOSIS

Spondylopecten with rounded plicae bearing 2— rows of
spines. Jur. (Aalen. - U. Tithon.), Eu., Afr., Asia.

T T 1 T T T T T
15 20 25

T T T T T T T 1 I 7 | T 1

PL

30 35 40

Text fig. 75: Spondylopecten (S.) palinurus/subpunctatus — frequency distribution for number of plicae.

DISCUSSION

In general form all members of S. (Spondylopecten) are
very similar. Itis possible therefore that the sub-groups iden-
tified below could be polymorphs of the same species.
However, with the apparent impossibility of detecting
polymorphism in the fossil record it seems preferable to treat
them as separate species.

In measured museum specimens the range of plical varia-
uon in S. (Spondylopecten) is from 18-71. Within the range
18-36 plicae there is an essentally bimodal distribution
grouped around modes at 21 and 30/32 plicae with an inter-
vening trough at 26 plicae (text fig. 75). Individuals in the
former group (herein referred to S. (S.) palinurus) also seem
to differ from those in the latter (herein referred to S. (S.) sub-
punctatus) by their lower convexity (text figs. 77, 84) and in
the possession of four rather than two rows of plical spines.
The single known specimen with 26 plicae (MNP) is abraded
but apparently originally bore four rows of spines. Tt is there-
fore considered to indicate the upper limit of plical variation
in the former group.

Within the first group later populations differ in the mode
and range of plical variation (text fig. 79) and in convexity
(text fig. 77). While there can be little doubt of an ancestor-

descendant relationship some authors would consider such
differences worthy of a specific separation. However, apart
from the difficulties of objectively defining the species there is
no evidence that separate lineages existed at any one time. In
fact there is some evidence (see p. 97) that earlier and later
populations were linked by gradual phvletic evolution. Thus
tollowing the rationale adopted in this work, the earlier and
later populations are herein considered to belong to the same
species. Similar reasoning can be applied to the group of forms
referred to S. (S.) subpunctatus in which later samples differ
in the mode and range of plical variation (text fig. 86) and in
convexity (text fig. 84) but in which there is no evidence for
coexisting lineages, yet a certain amount for phyletc
gradualism (see p. 102).

The paucity of available museum specimens renders it dif-
ficult to make any objective division in forms with more plicae
than S. (S.) subpunctatus. Except where indicated, museum
specimens with the following plical counts are only known
singly: 42, 43 (3), 44 (3), 45, 46, 48, 51, 52, 53 (2). 54, 56, 60,
63, 64, 71. However, foreign authors who have undoubtedly
had access to a greater volume of material provide good evi-
dence for a bimodal distribution in the frequency of plical
counts. STAFSCHE (1926) refers to specimens with about 45
plicae while YN (1931) refers to a number of specimens with
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berween 42 and 48 plicae, thus forms within the latter range
are considered to belong to a third S. (Spondvylopecten) species,
(S. (S.) cardinatus). Bornm (1883) records 55 specimens with
over 60 plicae while StarscHr (1926) records numerous
specimens with between 55 and 65 plicae, thus forms within
the latter range, together with rare museum specimens with
plical counts just outside this range (51, 52, 53, 54, 71) are
considered to belong to a fourth S. (Spondylopecten) species
(S. (S.) globosus).

Spondylopecten (Spondylopecten) palinuris (D’ OreIGNY 1850)
Pl. 3, Figs. 8-14; text figs. 75 (pars), 76-81

Synonymy

1850  Pecten palinurus sp. novi D’ORBIGNY, v. L, p. 342
(BOULE, 1925, v. I4, p. 161, pl. 20, figs. 11, 12).
v 1850 Pecten Nirens sp. nov; D'ORBIGNY, v. 2, p. 22
(BOULE, 1929, v. 18, p. 174, pl. 20, figs. 5, 6).
1850 Pecten Nicaens sp. nov; D'ORBIGNY, v. 2, p. 22
(BOULE, 1929, v. I8, p. 174, pl. 20, figs. 7, 8).
1852 Pecten ermacens sp. nov; BUVIGNIER, p. 23,
pl. 19, figs. 7-12.
Pecten symmetricus sp. nov; MORRIS in HULL,
p- 103, pl. 1, figs. 3, 3a—c.
1858 Pecten subpunctatns MONSTER: QUENSTEDT,
p- 627, pl. 77, figs. 27-29 (non MUNSTER sp.).
1859 Pecten Monsbeliardensis sp. novi CONTEJEAN,
p- 316, pl. 23, figs. 16-18.
1860  Pecten Nicaens D'ORBIGNY; COQUAND, p. 79.
1862 Pecten erinacens BUVIGNIFR; THURMANN and
ETALLON, p. 250, pl. 35, fig. 2.
1862 Pecten araricis sp. nov; ETALLON in THURMANN
and ETAILON, p. 251, pl. 35, fig. 3.
1862 Pecten Monsbeliardensis CONTEJFAN; THURMANN
and ETAILON, p. 252, pl. 35, fig. 5.
Pecten catrllor sp. nov; GFMMELLARO and Di
Brast, p. 107, pl. 2, figs. 1-5.
21875 Pecten catullor GEMMELLARO and D1 Brasy
GEMMELIL ARO, p. 42.
1880 Pecten semuarticulatus sp. nov; G. MENEGHINI,
p- 357, pl. 22, fig. 18.
1881 Pecten cartier: sp. nov; DE LORIOL, p. S8, pl. 12,
ligs. 8-10.
1881 Pecten crimacens BUVIGNIFR; DE LORIOL, p. 92,
pl. 13, figs. 1, 2.
1882 Pecten (Spondylopecten) cf. ermacens BUVIGNIER;
ROEDEKR, p. 52, pl. 2, figs. 4a-<.
1893 Pecten Cartiert DI LORIOL ; SIEMIRADZKL, p. 119.
1894  Pecten crinacens BUVIGNIER; DE LORIOL, p. 48,
pl. 5. fig. 4.
1897  Pecten Soyhierensis sp. nov; DE LORIOL, p. 128,
pl. 15, fig. 6.
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(?) 1899 Pecten Soybierensis DE LORIOL: DE LORIOL,
p. 170.

21900 Pecten Soyhierensis DE LORIOL; DE LORIOL,
p- 128,

1901 Pecten (Chlamys) Roeder: sp. novi DE LORIOL,
p. 103, pl. 6, figs. 6, 7.
1903 Pecten subpunctatus MUNSTER; REMES, p. 203,
pl. 19, figs. 8a—¢ (non MUNSTER sp.).
(2) 1904 Pecten Sovhierensis Dt LORIOL; DE LORIOL,p. 217.
1904 Pecten  subpunctatus MONSTER; DE  LORIOL,
p- 217, pl. 23, fig. 4 (non MUNSTER sp.).
1905 Pecten sp; KRUMBECK, p. 104, pl. 14, figs. 2a—d.
v 1905 Pecten ernacens BUVIGNIER; PERON, p. 214,
pl. 10, fig. 1.
1907a  Chlamys Grossouvrer sp. novi COSSMANN, p. 239,
pl. 8, fig. 19.

-~

v

1910 Pecten subpunctatus NUUNSTER; SIMIONESCU, p. 14
(non MUNSTER sp.).

1912 Chlamys (Aequipecten) palinurus (D’ORBIGNY);
COSSMANN, p. 2, pl. 1, figs. 1-4.

1912 Pecten semiarticulatus G. MENFGHINI; DAL PIAZ,
p. 246, pl. 1, figs. 15a, 15b.

v 1916 Aequupecten symmetricus (MORRIS); PARIS and
RICHARDSON, p. 523, pl. 44, figs. 6a, 6b.

1925 Chlamys (Aequipecten) syriacus sp. nov; COSS-
MANN in DOUVILLE and COSSMANN, p. 325, pl. 8,
figs. 7a—c.

1926 Chlamys erinacens (BUVIGNIER); ROMAN, p. 196.

1931 Pecten  (Spondylopecten) erinacens BUVIGNIFR;

YIN, p. 119.

Chlamys (Aequupecten) macfadyeni sp. nov; COX,

p. 176, pl. 23, figs. 11a, 11b.

1936 Spondylopecten erinaceus (BUVIGNIER); DECHAS-
EAUX, p. 67.

1952 Chlamys (Spondylopecten) stoliczkai sp. nov;

Cox, p. 15.pl. 3, figs. 14-20.

Chlamys (Spondylopecten?) badiensis sp. novs

. COX, p. 16, pl. 1, figs. 14a, 14b.

1958 Chlamys (Aequipecten) of. palmuruys (0’ ORB-

IGNY); R. HUDSON, p. 419.

Chlamys  (Aequipecten)  syrtaca  COSSMANN;

R. HUDSON, pp. 419, 420.

21959  Aequipecten kotsubn KIMURA; TAMURA, p. 58,

pl. 6, figs. 33, 34.

v 1964 Spondylopecten grossouvrei (COSSMANN); J.-C.
FISCHER, p. 18, pl. 1, figs. It, 12.

1965 Chlamys (Spondylopecten) badiensis Cox; COX,
p. 58, pl. 7, figs. 3, 4.

v

vi©? 1935a

v 1952

(?) 1958

Lectotype of Pecten palmurns 0’ ORBIGNY
1850, v. 1, p. 342 designated herein; MNO
3401; figured Boutr, 1925, pl. 20, figs. 11,
12; Callovian, Pizieux (Sarthe). Paralecto-
type; also MNO 3401; Callovian, Etrochey
(Cote &’Or).

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘Lspece renflée, presque ronde a 20 cotes regulieres, ap-
laties, plus larges que les sillons, avec des indices de dents sur
les cotes. France, Mizieux’.

2, AMENDED DIAGNOSIS

Distinguished from all other species of S. (Spondylopecten)
by the number of plicae (26 or less).

3. AMENDED DESCRIPTION

Disc sub-orbicular at all sizes (text fig. 76), maximum
height 62 mm (pr Lorior, 1894). Umbonal angle very vari-
able (text fig. 78) but increasing (at a decreasing rate) during
ontogeny to produce concave dorsal margins. Disc flanks
moderately high.

Equilateral; equivalve, convexity variable, moderate to
high, apparently increasing allometrically at a faster rate in
earlier representatives (text fig. 77).

Intersinal distance greater in left valve than right; moder-
ately large juvenile byssal notch becoming relatively smaller
during ontogeny.
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i\ Text fig. 76:  Spondylopecten (S.) palinurus ~ height/length.

Auricles well demarcated from disc, moderate in size, an-
terior larger than posterior. Anterior auricles meeting hinge
: line at about 90°, posterior auricles meeting hinge line at an
obtuse angle. Right anterior auricle meeting disc at an obtuse
angle; remaining auricles meeting disc at an acute angle. Right
anterior auricle bearing between 5 and 8 radial costae. All au-
ricles sloping downwards from umbo towards opposite valve
(PL. 3, Fig. 8).
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Text fig. 77: Spondylopecten (S.) palinurus — convexity/length.

Both valves bearing between 18 (? 16, see Section 4) and 26
rounded radial plicae; modal number apparently increasing
phyletically (text fig. 79); plicae slightly wider than sulci in
right valve, converse in left valve. Plicae bearing 4 rows of
short, closely spaced spines, directed ventrally (Pl 3,
Fig. 14).

Cardinal area of right valve bearing 2 peg-shaped crura,
anterior larger than posterior (Roeper, 1882, pl. 2, fig. 4).
| Shell thickness moderate to high; plical amplitude reduced on
shell interior.
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Text fig. 78:  Spondylopecten (S.) palinurns — length/umbonal an
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Text fig. 79:  Spondylopecten (S.) palinurus — frequency distribu-
tions for number of plicae in Bajocian, Oxfordian and Kimmeridgian
specimens.

4. DISCUSSION

0’ORBIGNY’s (1850) diagnosis for ‘Pecten’ palinurus (see
Section 1) leaves no possibility of confusion for another
Jurassic pectinid. Therefore, following Opinion 126 of the
ICZN the name may be adopted for the species under discus-
sion. BouLk (1925) has figured one of the syntypes (MNO
3401) and this specimen is herein designated as lectotype. The
other (also MNO 3401) becomes ipso facto the para-
lectotype. ‘P.” Nueus D'ORBIGNY was separated from
‘P.” palinurus on the basis of ‘cotes plus simples’, presumably
implying a lack of spinose ornament. One of the syntypes
(MNO 4294) possesses only two rows of spines per plica but
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this is clearly the result of abrasion (as appears to be the case in
all the following instances where a reduced number of spine
rows is cited) and H/L (1) and the number of plicae (23) are
within the range of S. (S.) palinutrus from the same stage (Ox-
fordian). ‘P.” Nicacus 0’OrsioNY was separated on the basis
of abnormally wide sulci. However, this feature is merely the
result of preservation of the 6 syntypes (MNO 4295) as inter-
nal moulds (Bourr, 1929) which has led to a reduction in pli-
cal amplitude and an apparent increase in plical wavelength.

The single known tvpe of “P.7" symmetricus Morris (1GS
8853; PL. 3, Fig. 9) from the Bajocian has 20 plicae (2 spine
rows) and is a typical example of S. (S.) palinurus trom the
stage.

‘P.” ermacens Buvignier (3 spine rows, 22-24 plicae) and
‘P> (‘Chlamys’) Roederi i Lorior (24 plicae), both de-
scribed from the Oxfordian, have plical counts and metric
proportions of their respective figures (2, 3) which are in-
separable from those of S. (S.) palinurus from the same stage.
“P.> arariens Etarton was said to lack the spinose ornament
of ‘P.” erinacens but the figured specimen has clearly been
subject to abrasion.

The holotypes (OD) of *Ch.’ (*Aequipecten’) macfadyeni
Cox (BM L6t138; PL. 3, Fig. 11) from the Oxfordian/Kim-
meridgian of E. Africa and ‘Ch." (S.) stoliczkar Cox (1GS
17281) and “Ch.” (8¢) badiensts Cox (BM L75245; PL 3,
Fig. 12) from the Callovian of Cutch, all have their respective
numbers of plicae (19, 20/21, 21/22) and metric proportions
(4, 5, 6) within the total (stratigraphically undifferentiated)
range of S. (S.) palinuerus. The first and last appear to lack
spines but may be abraded. Specimens from the Callovian of
E. Africa referred to ‘Ch.’ (S.) badiensis by Cox (1965) ex-
hibit the characteristic spines. The holotype of *Ch.” (‘Ae.’)
macfadyeni also has an abnormally small number of plicac for
its particular stratigraphic horizon but this might well be an
artefact of the relatively limited number of specimens for
comparisomas is almost certainly the case for *P.7 sp. Krt v
seck, ‘P> Cartteri pe Lowior and ‘P." Monsbeltardensis
ConTEJFAN, all of which are from the Kimmeridgian and refer
to specimens with respectively 22, and as many as 25 and 26
plicae.  Krumsecw’s  specimens  were compared  with
‘P.” erinacens Buvicnier, a svnonym of S. (8.) palinurus (see
above), while metric proportions of the figures of br LorioL’s
(7) and ConTJEAN’s (8) specimens are indistinguishable from
S.(S.) palinurus. The inclusion ot *P.” Soyhierensis DE LORIOL
(Oxfordian) within S. (S.) palinurus is more problematical
since forms with as few as 16 plicae are cited and L/UA (9) of
the original figure is somewhat low. However, *P.” semuart-
scrilatres MENEGHINT (Bathonian), a species with 17 plicae and
high L/UA (10), has the plical spine rows (albeit only 2 — see
above) diagnostic of S. (Spondylopecten) and DaL Piaz (1912)
has collected a topotype specimen, the figure of which has
metric proportions (11) which are indistinguishable from S.
(S.) palinurus. Tt therefore seems likely that the range of varia-
tion in the latter species extends considerably further than that
indicated by museum specimens alone. ‘P.” catillor GEmMEL-
taro and D1 Buasi (Tithonian), a species with 22 plicae known
from only 4 specimens, may therefore by synonymous with S.
(S.) palinurus in spite of the considerably atypical H/L, L/C
and L/UA (12) of 1ts original figure.

‘Ch.” (*Ae.’) syriacus Cossmann was said to have 30 plicae
but the figures of the holotype (OD) reveal a maximum of

only 21 and metric proportions (13) are within the total range
of 8. (S.) palinurus. With the possibility of misapplication of
Cossmany’s specific name to forms which are referable to S.
(S.) subpunctatus, unfigured records of his species in R, Hup.
son (1958) must be treated with some caution.

The figures of ‘P." subpunctatus MONSTER in QUENSTEDT
(1858) and Rewmes (1903) and the descriptions in pe Lorior
(1904) and Smionescu (1910) are of specimens with respec-
uvely 25, 18-19, 24 and 22-26 plicae. All are thus outside the
range of variation accredited to MUNSTER's species (see p. 98)
and fall within the total range of S. (S.) paltnurus. The speci-
mens referred to in QuenstepT and Dt Lorior are also within
the range of variation in museum specimens of S. (S.)
palinirus from the same stage (Oxfordian). There are insuffi-
cient muscum specimens of comparable age (U. Tithonian) to
allow an assessment of whether the same could be said of Re-
ves’ specimens. Those referred to in Stionescu are of inde-
terminate age.

‘P.>(S.) ertnacens Buvienier; Yin (Tithonian) was not fig-
ured and was only distinguished from “P.” (S.) globosus
QuensTEnT; Yin (= S, (S.) subpunctatus) by its possession of
less than 30 plicae. Since this does not exclude all variants of S.
(S.) subpunctatus YIN's record 1s of uncertain status.

Although the exact dimensions of ‘Ch.’ Grossouvrei
Cossmann (Callovian) are not available the strongly convex
torm with 25 plicae is unlike that of any known Jurassic pec-
tinid other than S. (S.) paltnnrus. For this reason ‘Ae.” kot-
sibu Kivura; Tasura, an inflated form with 22 plicae from
the U. Jurassic of Japan may also be synonymous with S. (S.)
palinnrus. 1t has not been possible to trace Kivura’s original
description.

5. STRATIGRAPHIC RANGE

A poorly preserved specimen with 23 plicae (BM 30496)
from the Spinatum zone (U. Pliensbachian) of Northants.
might be an early representative of S. (S.) paliiurus. How-
ever, apart from this there are no records of the species unul
the Garantiana and Parkinsoni zones (U. Bajocian) when, in
the Cotswolds, the species is fairly common. Elsewhere S.
(S.) palrus is extremely rare in the U. Bajocian. Bathonian
records are limited 10 N. fualy (G. MenecHiNt, 1880; DaL
Piaz, 1912), and Indre (Cossmann, 1907a; ].-C. FiscHER,
1964) and Var (BM L10289) in France although numerous
specimens are recorded in all but the last area. In the Callovian
the species is ontv known from occasional specimens from the
Cote d’Or and Sarthe in France (0’OrBIGNY, 1850; COSSMANN,
1912) and Cutch in tndia (Cox, 1952), and from E. Africa
(Cox, 1965), Sinai (DouviLer and Cossyann, 1925), S. Israel
(R. Hupson, 1958) and Arabia (BM L61511). tn Europe S.
(S.) paliunrus reaches its acme in the Oxfordian and Kim-
meridgian when it is locally abundant. Certain records from
the Tithonian are restricted to one specimen from the lower
substage at Nattheim (BM 63059). However, specimens de-
scribed from the L. Tithonian of Sicily (GemmerLaro and Di
Biasi, 1874; GemmrLearo, 1875) and the U. Tithonian of
S. France (Yin, 1931) and Czechoslovakia (Rewes, 1903) may
well constitute further records of S. (S.) palinurus (see Sec-
tion 4).
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Text fig. 80:  Spondylopecten (S.) palinurus — European distribution.

6. GEOGRAPHIC RANGE

In Europe (text fig. 80) the distribution of S. (S.) palinurus
is intimately linked with that of coralliferous deposits (see
Section 7). Thus the species occurs most commonly in the
Oxfordian and Kimmendgian of central W. Europe where
this facies is particularlv well developed. The lack of S. (S.)
palinurus from coralliferous deposits in the Bathonian and
Oxfordian of England and the Bathonian of Normandy sug-

gests that the northward range of the species was restricted by
temperature (however, see Section 8).

In the Callovian the range of S. (S.) palinurus underwentan
expansion along the southern shores of Tethys, resulting in a
palacolatitudinal spread of some 507 (text fig. 81). A similar
expansion along the northern shores is evidenced only by one
dubious specimen from the U. Jurassic of Japan (see Sec-
tion 4).
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Text fig. 81:  Spondylopecten (S.) palinurus — World distribution (Callovian reconstruction).

7. DESCRIPTION OF ECOLOGY

Bivalved specimens of S. (S.) palinurus are quite common
in the Upper Coral Bed and its lateral equivalents in the Par-
kinsoni zone (U. Bajocian) of the southern Cotswolds. The
maximum height attained is 26.5 mm (BM L84516). The as-
sociated fauna is dominated by the ‘coarse’ phenotype of Ch.
(Ch.) textoria, Limatula, Plagiostoma, Ctenostreon and
Trigonia together with the brachiopods Rhynchonella,

Terebratula and Zeilleria, and the coral Isastrea (RicHARD-
SON, 1907, 1910). S. (S.) palinurus also occurs in apparently
non-coralliferous deposits of the Garantiana zone in the same
area. However, the number of examples is small and only one
specimen is known from non-coralliferous U. Bajocian de-
posits elsewhere in England. The modal number of plicae in
specimens from the substage is 20, with a range from 18-21
(text fig. 79).
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In the Bathonian S. (S.) palpurus occurs fairly commonly
in N. ltaly, where it reaches a maximum heightof 25 mm (G.
Mintoring, 1880: Dar Piaz, 1912) and in a coral bed in Indre
(Irance) where it is associated with the *coarse” phenotype of
Ch. (Ch.) textorta (Cossmany, 1907a; J.-C. Fisciirr, 196+4).
The range of plical variation in Bathonian 8. (S.) palinris is
from 17 (G. Mi~Nraring 1880) to 25 (Cossmany, 1907a).

Although widespread in the Callovian (see Sections 5, 6) 8.
'S.) palinuris is not known to be common anywhere. The
range of plical variation in specimens from the stage is from 20
(c. g. Cosnany, 1912) to 23 (Cox, 1965) and the maximum
height 1s 37 mm (MNS).

In the Oxtordian S. (S.) padinnrus 1s very common in the
coral/Diceras reels of the Yonne, Meuse and Swiss and
French Jura. In the last arca it reaches @ maximum height of
62 mm (or Lortor, 1894). The typical associated faunais de-
scribed on p. 88. The range of plical variation undoubtedly
extends from 20-26 (mode 22) and may include forms with as
few as 16 plicae (text-fig. 795 v Lorior, 1900).

In coral/Deceras facies in the Kimmeridgian of the Jura S.
(S.) paliurus is common and appears to reach a maximum
height of 35 mm (Conrtan, 1859). Thereis an abundant as-
sociated molluscan fauna of in- and epifaunal gastropods and
bivalves (including the byssate genera Camptonectes, Ox-
ytoma, Pinta, Arca and Mytilus') ogether with rhynchonel-
lid brachiopods. Only one specimen (GP1G) is known from
contemporancous coral patch reet facies at 1.a Rochelle and
none are recorded from similar facies at Kelherm (8. Ger-
many). The range of plical variation in Kimmeridgian $. (S.)
palinurus 1 from 22-26 (text fig. 79; ConTiran, 1859;
Kruverck, 1905) with a mode of 24.

The single undoubted Tithonian example of S, (S.)
palmurys together with other putative recards from the stage
(see Section 5) are all from coral reef facies (fauna p. 88).

There are no records of 8. (S.) palinurus from the deep wat-
er pelagic limestones of the peri-Mediterranean region and
the species is very rare m siliciclastic deposits anywhere in

Lurope.

S INTERPRETATION OF ECOLOGY

The data presented in Section 7 suggest very strongly that
the occurrence of . (S.) palnrus is dependent on the pre-
sence of corals. Reefs appear to have constituted the most
favourable habitat but the fact that the species oceurs in coral
accumulations of less than veefal dimensions (Parkinsoni
7one, S. Cotswolds; Bathanian, Indre) suggests that the par-
ticular abundance in reets is merely areflection of the concen-
tration of corals rather than a consequence of a preference for
upstanding structures (cf. et 1969; Hartav, 19765 see
pp. 83, 88). The correspondence between the areal distribu-
ton of coralliteraus deposits and that of common S. (S.)
palinerus in the Parkinsont zone of N. Somerset and
Gloucestershire is striking enough to be an incentive for a
tacies analvsis of the underlving Garantiana zone deposits in
order to test the possibility that the examples of S, (S.)
paliiurus contained therein might be derived trom laterally
cquivalent but unexposed coralliferous deposits. Similarly the
fact that the only occurrence in the Bathonian and Callovian

where Tacies are known (Bathonian, Indre) is from acoral bed

contaming the reef-dwelling ‘coarse’ phenoty pe of Ch. (Ch.)
textoria should be an impetus for analyses of the sediments
and tauna of the other horizons containing S. (S.) palivarus in
these stages.

In spite of the apparent dependence on corals by no means
all coralliterous horizons within the stratigraphic range of §.
(S.) palmuris were colonised abundantly. The fact that dur-
ing the Kimmeridgian coral patch reefs at the southerly
latitudes of La Rochelle and Kelheim were only colonised
very rarely or not at allwhile during the Bajocian coralliferous
deposits in England were occupied in numbers,suggests thar
the complete absence of S. (S.) palourus trom Bathonian
coral patch reefs in Normandy and England and similar facies
in the Oxfordian of England cannot be the result of a simple
temperature dependence (see p. 95) or even of a more general
intolerance of relatively unstable environments (see p. 89). In
certain of the abave cases the lack of S, (S.) palinnrus could be
a consequence of the particular coral fauna of the reels and
their resultant dense structure, an explanation advanced for
the absence or rarity of S. (PL) subspinosus (see p. 88). How-
ever, the Oxfordian reefs of England do not seem to have had
an especially dense structure (see p. 89). Evidence from the
1.. Tithonian reef at Nattheim, where S. (S.) palmurus s ex-
wemelv rare but S 2L subspmosus is abundant, suggests a
more specific control on distribution. For an alternative ex-
planation one might invoke the possibility (see p. 89) of a
commensal relationship between particular coral species and
cach ol S. (PL) subspmosus and S. (S.) palinuris, and infer the
absence of the relevant corals from the reefs lacking these
Spondyvlopecten species. Hlowever, such an explanation suf-
fers generally from the lack of any direct evidence for com-
mensalism and specilically, in the case of S, (S.) paliurus,
from the tact that in the Nattheim reef the latter species is
very rare although coral diversity s hugh, 64 species being
cited by Gryrk (1954). 1t must therefore be adnitted that no
unified theory can yet be proposed to account for the incon-
sstent distribution of S, (PL) subspinosus and S. (S.)
palimnrus in coralliferous facies (see p. 101).

The overall rarity of 8. (S.) palinurus in the M. Jurassic of
Eurape as a whole can be viewed as a consequence of the
localised development of coralliferous deposits. The very
widespread development of argitlaceous Tacies in the Cal-
lovian, producing unfavourable conditions for coral growth,
may well have prompted the migration ot S. (S.) paliiorus
outside Furope along the southern shores of Tethys (sce Sec-
ton 6).

The usual occurrence of S. (S.) palmurus in moderate num-
bers with a high diversity fauna indicates that it was an
equilibrium species (Levinton, 1970). Presumably stenotopy
was developed o a high enough degree to prevent competi-
tion with the other species of Spondylopecten with which it

f.l'k‘q U&'l][l.\' oceurs.,

9. FUNCTIONAL MORPHOLOGY

In the absence of more precise ecological data tor 8. (S.)
palprus licde can be added to the general interpretation ot
functional morphology in Spondvlopecten presented for the
essentially similar species . (PL) subspinosus (see p. 89). A
‘wedged” mode of life is further evidenced by the great varia-



tion in convexity in S. (S.) palimurus. However, as for S. (PL.)
subspinosus it cannot yet be said definitely that this is a posi-
tively adaptive feature brought about by developmental tlexi-
bility (however, see below).

The moderately large maximum height of S. (S.) palinurus
(H: 62) is near the upper limit for byssally attached Recent
pectinids. The largest byssate but otherwise unsupported
species from the coral reef fauna of Eniwetok Avoll (Gloripal-
lium pallinm) reaches a maximum height of 85 mm. How-
ever, this and other pendent or tightly byssate species rarely
exceed a heightof 75 mm (WaLtLer, 1972b). Lt therelore seems
likely that large specimens ol S. (S.) palinirus gained support,
additional to that provided by the byssus, through contact
with the substrate, as inferred independenty above.

The moderate to high convexity and shell thickness in §.
(S.) palinurus suggest that at best it could only have been a
very inefficient swimmer.

The apparent phyletic increase in the number of plicae may
be interpreted mechanically when considered in conjunction
with phyletic decrease in convexity and increase in height (see
Section 10). The latter requires relatively large amounts ot
CaCOj; to be secreted when growth is based on a nght
logarithmic spiral as in S. (S.) palinurus. A decrease in the
spiral angle and hence in convexity thus represents a more
bioeconomical basis for height increase. However, it mustalso
entail a weakening of the shell so an increase in the number ot
plicae can be viewed as an attempt to strengthen and sulfen the
shell by effectively shortening the wavelength of the corruga-
tions. Such an interpretation requires however that the in-
creased strength and stiffness contribute significantly to the
fitness of the animal as a whole. This must be considered
doubtful in S. (S.) palinurus since the thickness of the shell
would appear to provide adequate protection against all but
the most extreme stresses. Nevertheless, the impression
gained by the author that the variation in convexity and
number of plicae is positively correlated at any one horizon
indicates that there 1s at least some functional interdependence
and suggests morcover that S. (§.) palinurys is developmen-
tally flexible (see above).

10. ORIGINS AND EVOLUTION

If the very doubtful record of S. (S.) paliurus in the
U. Pliensbachian is discounted, S. (S.) subpunctatus becomes
the most likely ancestor for the species (although see p. 101).
There is no evidence to suggest that the evolution of a separate
pattern of plical variation occurred gradually.

There appear to be several phyletic trends within S. (S.)
palinurus. Maximum height increases, presumably gradually,
from 26.5 mm (U. Bajocian) to 37 mm (Callovian) to 62 mm
(Oxfordian). The reversal of this trend in the Kimmeridgian
(Hpax: 35) could well be an artefact of the relatively imited
number of specimens from the stage measured by the author.
The pronounced phyletic increase in the mean number of
plicae indicated by text fig. 79 might also be an artefact of the
more general paucity of measured museum specimens since
bibliographic sources (see Section 4) suggest a far less consis-
tent trend. Nevertheless, specimens mentioned in the litera-
ture do not refute the gradual unidirectional trend in the
modal number of plicae indicated by text fig. 79. Indeed the
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15 or so specimens collected by Cox (1952) from the Cal-
lovian of Cutch which were said to have arange of between 20
and 22 plicae (exactly between the Bajocian and Oxfordian
modes) provide positive evidence for such a trend. Only one
ol the other Callovian records (Cox, 1965 tor two specimens
with 23 plicae) refers to specimens with plical counts outside
the latter range.

A further phyletic trend is towards decreased convexity.
However, unlike the above cases there is little reason to think
that evolution occurred gradually. Most Callovian, Oxford-
ian and Kimmeridgian specimens have lower C/L ratios than
their Bajocian ancestors (text lig. 77). Since relative convexity
appears to increase during the ontogeny of the latter there is
the possibility that descendant forms could have arisen by
neoteny. However, heterochrony cannot account for the
periodic phyletic increases in the ranges of plical variation
constituted by specimens mentioned in the literature together
with those in museums (Bajocian, 18-21: Bathonian, 17-25;
Callovian, 20-23; Oxfordian, 20-26; Kimmeridgian, 22-26)
thus phyletic evolution in S. (S.) palmurus may generally
have been a product of change in the structural rather than the
regulatory genome.

Phyletic increase in maximum height combined with
stenotopy and a possibility of neateny suggests the prevalence
of ‘K’ selection for increased trophic efficiency (Gourn,
1977).

Spondylopecten (Spondylopecten) subpunctatus
(MUNSTER 1833)

Pl 3, Figs. 15-19; text figs. 75 (pars), 82-86

Synonymy

v 1833 Pecten subpupctatus sp. nov; MONSTER in GOLD-
FUSS, p. 48, pl. 90, figs. 13a, 13b.
1843 Pecten subpunctatus MUNSTER; QUENSTEDT,

p. 433.

Pecten globosus sp. nov; QUENSTEDT, p. 476.

1850 Pecten subpunctatus MUNSTFR;D’ORBIGNY, v. I,
p.374.

1852 Pecten Moreanus sp. nov; BUVIGNIER, p. 24,
pl. 19, figs. 18-20.

1852 Pecten globosis QUENSTEDT; QUENSTEDT, p. 507,
pl. 40, fig. 45, (non fig. 46; non QUENSTEDT sp.).

non 1858 Pecten  subpunctatus MUNSTER; QUENSTEDT,
p. 627, pl. 77, figs. 27-29.
v¥ 1858 Pecten aequatus  sp. nov; QUENSTEDT, p. 755,

pl. 92, fig. 12.

1858  Pecten globosus QUENSTEDT; QUENSTEDT, pl. 78,
fig. 2 (non pl. 92, fig. 205 non QUENSTEDT sp.).

1862 Pecten Globosus QUENSTEDT; THURMANN and
ETALLON, p. 250.

1866 Pecten subpunctatus MUNSTER; OPPEL, p. 289.

1867  Pecten globosus QUENSTEDT; DE LORIOL, p. 335,
pl. 13, fig. 3 (non QUENSTEDT sp.).

1867  Pecten Rochati sp. nov; DE LORIOL, p. 336, pi. 13,
figs. 1, 2.

1874 Pecten arotoplicus sp. nov; GEMMELLARO and D1
Brast, p. 104, pl. 2, figs. 6-10.

1875 Pecten arotoplicus GEMMELLARO and D1 Brasy
GEMMELLARO, p. 41.

1881a  Pecten aequatus QUFNSTEDT; BOEHM, p. 183.

18816 Pecten aequatus QUENSTEDT; BOEHM, p. 72.

v 1883 Pecten arotoplicus GEMMELLARO and D1 Brasi;

BOEHM, p. 609, pl. 67, figs. 34, 35.
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? 1886a

2 1893
1894

1898

2 1898

1903

1903

1903

non 1903

1903

non 1904

v 1905
1905

? 1905

non 1910

1910

1913

1920

1920

v 1926

1926

1931

2 1931

Pecten erpus sp. novi DE GREGORIO, p. 670, pl.1,
fig. 8.

Pecten globosa QUENSTEDT; SIEMIRADZK], p. 119.
Pecten Moreanus BUVIGNIER; DE LORIOL, p. 40,
pl. 4, fig. 12.

Pecten globosus QUENSTEDT; E. PHILIPPL, p. 620,
text figs. 6, 7 (non QUENSTEDT sp.).

Pecten (Chlamys) erpus DE GREGORIO; GRECO,
p. 110, pl. 8, figs. 32, 33.

Pecten arotoplicatus GEMMFLLARO and D1 BLASI;
REMES, p. 202.

Pecten Rochati DE LORIOL; REMES, p. 202, pl. 19,
figs. S5a—c.

Pecten Gemmellaroi sp. nov; REMES, p. 202,
pl. 19, figs. 7a—c.
Pecten subpunctatus MUNSTER; REMES, p. 203,

pl. 19, figs. 8a—c.

Pecten (Spondylopecten) globosus QUENSTEDT;
REMES, p. 205 (non QUENSTEDT sp.).

Pecten subpunctatius MUNSTER; DE LORIOL, p. 217,
pl. 23, fig. 4.

Pecten moreanus BUVIGNIER; PERON, p. 213.
Pecten palmyrensis sp. nov; KRUMBECK, p. 102,
pl. 3, figs. 8a, 8b.

Pecten (Chlamys) globosus QUENSTEDT; KILIAN
and GUEBHARD, p. 817.

Pecten  subpunctatus MUNSTER; SIMIONESCU,
p- 4.

Pecten moreanuns BUVIGNIER: SIMIONESCU, p. 14,
pl. 2, fig. 6.

Pecten globosus QUENSTEDT; JOUKOWSKY and
FAVRE, p. 400, pl. 17, figs. 3-6 (non QUENSTEDT
Sp.).

Pecten aratoplicus GEMMELLARO and D1 BLAsI;
FAURE-MARGUERIT, p. 58.

Pecten  (Spondylopecten) globosus QUENSTEDT;
FAURE-MARGUERIT, p. 60, (non QUENSTEDT sp.).
Spondylopecten subpunctatus (MUNSTER);
STAESCHE, p. 109, pl. 4, fig. 10.

Spondylopecten aequatns (QUENSTEDT); STAESCHE,
p. 112.

Pecten (Spondylopecten) globosus QUENSTEDT;
YIN, p. 118, pl. 12, figs. 3-6 (non QUENSTEDT sp..).
Pecten (Spondylopecten) ertnacens BUVIGNIER;
YIN, p. 119 (non BUVIGNIER sp.).

21931 Pecten aff. subpunctatus MONSTER; YIN, p. 122,
1936 Spondylopecten moreanus (BUVIGNIER); DECHAS-
EAUX, p. 67.
> 1959 Spondylopecten globosus (QUENSTEDT); HOLDER
and ZIEGLER, p. 165.
1966 Spondylopecten aequatus (QUENSTEDT); KARVE-
CORVINUS, p. 115.
(2) 1971 Chlamys cf. erpus (DE GREGORIO); WENDT,
p. 156.
v 1975 Spondylopecten aequatus (QUENSTEDT); YAMANI,
p- 64, pl. 3, fig. 10.
v+ 1975  Spondylopecten proumbonatus sp. novi YAMANI,

p- 64, pl. 3. figs. 11, 12.

Lectotype of Pecten subpunctatus MUNSTER
in Goupruss 1833, p. 48, pl. 90, fig. 13
designated herein; BSPHG AS VII 627; P1. 3,
Fig. 15 herein; Weisser Jura f§ (Oxfordian),
Streitberg (Franconia). Paralectotypes; the 9
other syntypes (BSPHG); also Weisser Jura 3,
Streitberg.

i. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘Pecten testa suborbiculari fornicata, costis crebris convexis
marginalibus muricatus, sulcis angusti, oribus in fundo plano
profunde transversim striauis, auriculis aequalibus.

E montibus Baruthinis M. M.

Dieser kleine Pectinit findet sich bei Streitberg. Er ist hoch
gewdlbt, gleichklappig, fast kreisrund, und hat zahlreiche,
convexe, gleichformige Rippen, aul deren Riicken man bei
der Vergroflerung stachelformige Lamellen bemerkt. Die
Zwischenfurchen sind concentrisch liniert, so dafl sie ein
punktiertes Anschen haben, und die Ohren klein und gleich-
{6rmig.’

2. AMENDED DIAGNOSIS

Distinguished from alt other species of S. (Spondylopecten)
by the number of plicae (27-36 or 37, see Section 4).
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Text fig. 82:  Spondylopecten (S.) subpunctatus — European distribution.



3. AMENDED DESCRIPTION

Essentially similar to §. (S.) palinurus. Differing by the
diagnostic larger number of plicae (see Section 2) whose range
and mode apparently oscillates phyletically (text lig. 86), by
the evident possession of only 2 plical spine rows,and by the
higher relative convexity (text fig. 84) of contemporaneous
Oxfordian specimens and the lower relative convexity of
Tithonian forms of S. (S.) subpunctatus in comparison with
examplesof S. (S.) palinurus from any horizon. Unlike S. (S.)
palinurus, S. (S.) subpunctatus also exhibits phyletic reduc-
tionin L/UA (text fig. 85) although this could be more appar-
ent than real (see Section 9).

H/L is plotted in text fig. 83. The maximum height is
58 mm (GrmmiLLARO and D1 Brasi, 1874).
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Text fig. 83:  Spondylopecten (S.) subpunctatus — height/length.
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Text fig. 84: Spondylopecten (S.) subpunctatus - convexity/tength.

4. DISCUSStON

The syntype series of ‘P." subpunctatis Monstrr (BSPHG)
consists of a number of specimens from sponge-limestone
facies, all less than 10 mm in height and with approximately
30 plicae. Starscrr (1926) considered such specimens to be
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specifically separable from juveniles of a similarly plicate
form, Spondylopecten aequatus (QUENSTEDT), from coral reef
facies, on the basis of the flat tops to the plicae. However,

this feature together with a relatively large umbonal angle (1)

can be plausibly interpreted as an aspect of ecophenotypic

variation (see Section 8) and is therefore no basis for a specific

distinction. Thus, on grounds of historical precedence

MoNsTER's specific name is applied to the species described in

Section 3 and a lectotype (BSPHG AS VIf 627; PL. 3, Fig. 15)

is herein designated. Those specimens incorrectly referred to

MonsTeR's spectes 1 QuinsTEDT (1858), Remis (1903), br

Lorior (1904) and Stmionescu (1910) are discussed on p. 94.
The two specimens said by Yin (1931) to have affinities with

MoNsTER's species are of uncertain status since they were not

illustrated and were described only as having numerous ribs.

Specimens referred by Yin to *P." (Spondylopecten) erina-

cens BuvioNitk were described with similar imprecision and

may be referable to either S. (S.) subpunctatus or S. (S.)

palimurus (q. v.).

QuensTEDT’s specific name ‘P.” globosus has been variously
employed in the literature (discussion p. 104) on accountof the
vagueness of the original description (1843) and the fact that
the name was subsequently applied by QuenstepT (1852,
1858) to illustrations of both a specimen with about 60 plicae
and a specimen with about 30 plicae. The latter is indistin-
guishable from S. (S.) subpunctatus, as are specimens from the
Oxfordian with 32 plicae referred to QuenstrpT’s species by
TrurmanN and Etatton (1862) and specimens from the
Tithonian with 32, 30, 30, 32, 30-35 and 3+ plicae referred to
QUENSTEDT’s species by, respectively, pr Lorior (1867),
Pruvierr (1898), Remes (1903), Joukowsky and Favre (1913),
FAUurRe-MarGUErIT (1920) and YN (1931). Specimens referred
to QUENSTEDT's species by Siemirapzer (1893), KiLian and
GuesHarD (1905) and HoLper and ZigcLer (1959) are of un-
certain status because the number of plicae was not stated.

The sole observed type (GPIT 4-92-12; PI. 3, Fig. 17) of
L. aequatns QuenstepT (Kimmeridgian) and the holotype

.
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Text fig. 85:  Spondylopecten (S.) subpunctatus — length/umbonal
angle.
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(OD; BSPHG 1957 It 329; Pl. 3, Fig. 18) of S. pro-
umbonatus Yamani (Tithonian) have respective numbers of
plicae (28, 31) and metric proportions (2, 3) that are indisting-
uishable from those of S. (S.) subpunctatus from comparable
horizons. Similarly the plical counts and metric proportions
(32-34; 4) supplied by Buvicnier (1852) for *P." Moreanus
(Oxfordian) and derived from the figures of ‘P.” Gemmel-
laroi Reses (Tithonian; 355 5) and ‘P.° Palmyrensis Krun-
peck (Kimmeridgian; 28; 6) are inseparable from those of §.
(S.) subpunctatus from the appropriate horizon.

‘P.” arotoplicus GEmveLLARO and Di Brasi (Tithonian) has a
plical count (32) within the range of §. (S.) subpunctatus from
the same stage and the large umbonal angle (95%) cited by the
authors appears to be nothing more than a consequence of
large size since L/UA (7) is within the range of projected
Tithonian ontogenies. ‘P.” Rochati pr. Loriot, also from the
Tithonian, has metric proportions (8) of the single known
specimen which are indistinguishable from those of S. (S.)
subpunctatns from the same stage. tt therefore seems ex-
tremely likely that the abnormally large number of plicae (37)
represents extreme variation within S. (S.) subpunctatus.

‘P." erpus De GreGoORIo was erected for a specimen from
the Aalenian of Sicily whose number of plicae (28) and high
convexity suggest strongly that it is conspecific with §. (S.)
subpunctatus. Greco (1898) has figured a further specimen
with 32 plicae from the Aalenian of Calabria under the same
specific name.

5. STRATIGRAPHIC RANGE

Assuming that ‘P.” erputs is synonymous with S. (S.) sub-
punctatus (see Section 4) the earliest records of the latter
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Text fig. 86: Spondylopecten (S.) subpunctatus — frequency distri-
butions for number of plicae in Oxfordian, Kimmeridgian and Titho-
nian specimens.

species are from the Opalinum zone of Calabria (Greco,
1898) and the Murchisonae zone of Sicily (Dr GreGoRrIO,
1886a). WinDT (1971) considers that D GREGORIO’s species
ranges into the U. Bajocian in the latter area. Otherwise §.
(S.) subpunctatus is unknown before the Oxfordian,when itis
locally abundant. ft is found thus until the U. Tithonian
(Boenwm, 1883; Rewrs, 1903; Faure-MarcueriT, 19205 YN,
1931). The lack of Bathonian and Callovian records and the
consequent doubt that this attaches to the systematic position
of ‘P.” erpus could well be due to the rarity of the favoured
reefal facies in Furope (see Sections 7, 8).

6. GEOGRAPHIC RANGE

The distribution of S. (S.) subpunctatus within Europe
(text fig. 82) is intimately linked with that of reefal deposits
(see Sections 7, 8). Thus during its acme in the U. Jurassic the
species occurs most abundantly in S. Europe where this facies
is particularly well developed. The only record outside
Europe is from Kimmeridgian coral-bearing limestones in the
Lebanon (Krumeeck, 1905).

The absence of S. (S.) subpunctatus from reefal deposits in
the Oxfordian of England may indicate that latitudinal temp-
erature changes played some part in controlling the distribu-
tion of the species (however, see Section 8).

The absence of S. (S.) subpunctatus from L. Bajocian coral
reefs in E. France need not affect the taxonomic status of
roughly contemporaneous specimens referred to “P." erpus
from S. fraly and Sicily (see Sections +, 5). The latter areas
probably lay near the south side of Tethys thus it could be that
S. (S.) subpunctatus arose in that region and had insufficient
time to spread to more northerly latitudes before the L. Bajo-
cian. In any case there are some grounds for thinking (see p.
89) that reefs with a structure such as that of the L. Bajocian
reefs in E. France mayv have constituted an unfavourable en-
vironment for Spondylopecten.

7. DESCRIPTION OF ECOLOGY

The putative early records of S. (S.) subpunctatis trom the
Aalenian and Bajocian of Sicily (see Section 5) are from con-
densed deposits probably formed on a guyot within the
Tethyan ocean. Occasional intercalations of coral debris sug-
gest that reefs were periodically developed nearby (WenbT,
1963, 1971).

The species occurs abundantly in the Oxfordian coral reefs
of the Yonne (Prron, 1905) and Swiss Jura (be Lorior, 1894)
in association with the fauna described on p. 88. The max-
imum height of Oxfordian S. (S.) subpunctatus is 32 mm
(MNS) and the range of plical variation (text fig. 86) 1s from
29-35 (mode: 32).

Sponge ‘reef’ facies in the Oxfordian and Kimmeridgian of
S. Germany contain numerous S. (S.) subpunctatus but the
adult height is rarely more than 5-7 mm (StarschE, £926).
The plicae are also flat-topped and the L/UA rauo (1) is typi-
cally low compared to specimens from coral reefs. Examples
from the latter facies in the Kimmeridgian at Kelheim
(S. Germany) reach a maximum height of 35 mm (GPiT) and
are associated with a rich bivalve fauna (Botrv, 1881a, b)
while those from sponge ‘reef’ facies are typically associated



— —_— —_——

with alow diversity/density bivalve fauna in which ZIsoarca is
the only form to occur in numbers (Nirzorouros, 1974). S.
(S.) palinurns seems to be absent from the Kelheim reef but it
1s common 1n coral/Diceras facies in the Kimmeridgian of the
Jurawhere S. (S.) subpunctatus i1s unknown. The latter is also
absent from contemporaneous coral reefs at La Rochelle but
S. (S.) palinurus is in addition extremely rare.

The range of plical variatuon in Kimmeridgian S. (S.) sub-
punctatus 1s from 27-31 (text fig. 86) and forms from reefal
facies seem to have a relatively high L/UA (text fig. 85) and
C/L (text fig. 84) compared to their Oxfordian counterparts.

In the Tithoman S. (S.) subpunctatus occurs, often in
abundance, in the coral reefs of Languedoc (Yin, 1931) and
Isere (FAURE-MARGUERIT, 1920) in S. France, Geneva in Switz-
erland (pE Lorior, 1867) Arnegg, Neuberg, Nattheim, Sir-
chingen and Wittlingen in S. Germany (GPIT; Starschr,
1926; Yawvani, 1975), Stramberg in Czechoslovakia (Bogrw,
1883; Rewmes, 1903) and near Palermo in Sicily (GEMMELLARO
and 1 Brasi, 1874; GevMELLARO, 1875) where the species
reaches a maximum height of 58 mm. The range of plical vari-
ation is from 30-37 with a mode of 35 (text fig. 86; pE Lorior,
1867) and L/UA (text fig. 85) and C/L (text fig. 84) are large
compared to Kimmeridgian and Oxfordian forms. The typi-
cal associated fauna is described on p- 88. 8. (S.) palinrus
is only known to be an associate at Nattheim and there very
rarely. However, itmay also be present in Sicily, Provence and
Czechoslovakia (see p. 94).

Apart from the occurrences discussed above S. (S.) sub-
punctatus is a rare species and none of the other definite rec-
ords (see Synonymy) are unrelated to the development of
recfal facies.

8. INTERPRETATION OF ECOLOGY

S. (S.) subpunctatus is an exemplar of the standard view
(HErRTLEIN 1969; Hariam, 1976) that Spondylopecten is areef-
restricted genus. There is no evidence that anything other
than reefs were colonised during the U. Jurassic acme of S.
(S.) subpunctatus thus the absence of the species from such
minor coral stands as were colonised by the less restricted S.
(S.) palinurus in the M. Jurassic of Europe need not be con-
strued as evidence against the view that ‘P erpus is
synonymous with S. (S.) subpunctatus (see Section 4). The
absence of S. (S.) subpunctatus from genuine coral reefs in the
L. Bajocian of E. France can be explained plausibly in several
ways (see Section 6) while the general absence of the species
from other bioherms in the M. Jurassic of Europe (see Sec-
tion 5) could be due to their small size and scattered distribu-
tion.

Although a temperature dependence might account for the
absence of S. (S.) subpunctatus from some U. Jurassic reefs
(see Section 6) the inconsistent distribution in reefs of the
same palacolatitude argues against the general applicability of
such an explanation. The abundance of other Spondylopecten
species in some of the reefs lacking S. (S.) subpunctatus rules
out an appeal to the unsuitability of the general reef structure
(see p. 88) while an explanation in terms of a specific commen-
sal relationship (see p. 96) is excluded by the evidence that §.
(S.) subpunctatus used both corals and sponges as host. The
inverse correlation in numbers with S. (S.) palinurus at cer-
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tain localities in the Kimmeridgian and Tithonian suggests a
further possible explanation for the irregular distribution of
S. (S.) subpunctatus in the form of competition. However,
the co-occurrence of the two species in large numbers in the
Oxfordian (and probably at some localities in the Tithonian)
argues against this hypothesis. In any case, if Spondylopecten
species occupied different microhabitats (see p. 89) it seems
unlikely that they would have competed. .

The small size, low L/UA and flattened plicae of S. (S.)
subpunctatusin sponge ‘reef’ compared to coral reef facies can
be attributed to stunting (see p. 99). Retardation of the rate of
size (L) increase while shape (UA) development maintained
the same rate would result in small absolute size and low
L/UA,and the small size for any given age would cause in-
creased abrasion by the substrate of a standard area of shell
surface and could thus be expected to lead to relatively flat-
tened plicae. The small size of the associated faunal elements is
further suggestive of the occurrence of stunting although an
analysis of growth lines is required to substantiate the
hypothesis. Since NitzorouLos (1974) estimates the depth of
the sponge ‘reefs’ to have been between 50 and 100 m (com-
pared with a maximum of a few tens of metres for coral reefs)
an attractive explanation for stunting is available in terms of
the reduced food supply characteristic of greater depths (Fur-
sict and Hugst, 1974).

9. FUNCTIONAL MORPHOLOGY

Asfor S. (S.) palinurus little can be added to the general in-
terpretation of functional morphology in Spondylopecten
presented on p. 89. Variation in convexity provides support
for the nference of a ‘wedged’” mode of life and the higher
convexity of §. (S.) subpunctatus compared to S. (S.)
palinurns in contemporary populations implies that the
former species occupied crevices, fissures etc. of a larger size.

Phyletic decrease in relative convexity might be explained
as a bioeconomical correlate of increased size, as has been
suggested for S. (S.) palinurus (butsee Section 10). However,
unlike the latter species there is no compensatory directional
change in the strength and stiffness provided by shell or-
namentation, since the mode and range of plical variation
seems to oscillate at random. It is the author’s impression,
nevertheless, that there is a positive correlation between con-
vexity and number of plicae at any one horizon so at least
some mechanical interdependence is implied, which may in
turn be related to phyletic size change.

The apparent phyletic decrease in relative umbonal angle
receives no obvious mechanical explanation and may simply
be an artefact of the measuring technique superimposed on
the ‘proumbonate’ form (Yamani, 1975) of later populations.

The maximum height of 58 mm is within the size range of
‘unsupported” bysally attached Recent pectinids (see p. 97)
thus S. (S.) subpunctatus was probably byssate throughout
ontogeny. The inflated form suggests that if it did ever unat-
tach aeself S. (S.) subpunctatus could only have been a very
poor swimmer.

10. ORIGINS AND EVOLUTION

If S. (S.) subpunctatus arose after the Bajocian it is most
reasonable to conclude that §. (S.) palinurus was the ancestor
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rather than vice versa as suggested on p. 97). However, if, as
seems very probable (see Section 5, 7, 8), S. (S.) subpunc-
tatus arose in the Aalenian no ancestor is available within the
same subgenus. There is no particular reason for concluding
that S. (Plestopecten) subspinosus must be the ancestor (see p.
83)and indeed on gross morphological grounds it would seem
likely that S. (S.) subpunctatus arose from a quite separate
stock. The first apparent occurrence of the species (Aalenian;
S. Italy, Sicily), outside what subsequently became the main
geographic range, provides evidence for such a view and also
supports the ‘allopatric” model of speciation.

S. (S.) subpunctatus exhibits some evidence for gradual
phyletic evolution. Maximum height increases from 32 mm
(Oxfordian) to 35 mm (Kimmeridgian) to 58 mm (Tithonian)
and within the limits of the available data there appears to be a
similar increase through this interval in L/C and L/UA (al-
though see Section 9) of specimens from coral reef facies.
Since both L/C and L/UA seem to increase allometrically in
ancestral (Oxfordian) populations descendant forms may
have arisen by the acceleration of shape development with re-
spect to size. However, heterochrony cannot account for the
periodic phvletic additions to the range of plical variation
(Oxtordian 29-35, Kimmeridgian 27-31, Tithonian 30-36) so
both structural and regulatory genome evolution is implied.

Size increase and stenotopy are suggestive of ‘K’ selection
in the evolution of S. (S.) subpunctatus. The possible occur-
rence of acceleration is however more suggestive of ‘r” selec-
tion (GoulLp, 1977).

Phyletic reduction in relative convexity at least after the
Kimmeridgian might have been allowed by the vacation of the
appropriate niche through the decline of the relatively low
convexity species S. (S.) palinurus. The mean C/L of Tithon-
ian S. (S.) subpunctatus is however considerably lower than
that of S. (S.) palinuris atv any time and besides the decline in
S. (S.) palinurus may be more apparent than real (see p. 94).
An alternative explanation tor the reduction in convexity is
suggested in Section 9.

Spondylopecten (Spondylopecten) cardinatis
(QuENsSTEDT 1858)
Pl 3. Figs. 20, 21; text fig. 87

Synonymy

1858 Pecten cardinatus sp. novi QUENSTEDT, p. 627,
pl. 78, fig. 1.
Pecten spinicostatus sp. nov; WHIDBORNE, p. 502,
pl. 15, figs. 14, t4a.
1916 Aequipecten spinicostatus (WHIDBORNE); PARIS
and RICHARDSON, p. 522.
1926 Spondylopecten
STAESCHE, p. 110.
p 1931 Pecten cordiformis GEMMELLARO and D1 Buasi;
YN, p. 119, pl. 12, fig. 7, pl. 13, fig. 7 (non
GEMMFLLARO and Dt BLASI sp.).

cardimatus (QUENSTEDT);

No trace of the type material of Pecten
cardinatus QUENSTEDT 1858, p. 627, pl. 78,
fig. 1 has yet been tound in the QUensTEDT
Collection (GPIT). The figured specimen
was derived from the Weisser Jura y (Kim-
meridgian) of Heuburg, S. Germany.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

.Werden die Formen grofler, dann treten zwar Unsicher-
heiten in der Bestimmung ein, doch willich noch einen davon
als Pecten cardinatus Tab. 78, Fig. | unterscheiden. Die
Form nach schlieft er sich an globosus Fig. 2 an, aber feine
Rippen sind viel breiter. Ich wiirde thn dennoch globosus v
genannt haben, wenn nicht der Name ‘eingezapft’ passend auf
die Schlofzihne anspielte, welche ich bereits in Handb. Pe-
trel. Pag. 507 nachwies. Diese Zahnung des Schlosses ist bei
verkieselten so eigentiimlich, dafl vielleicht spater daraus eine
besondere Gruppe Cardinaten gemacht werden kann. Kann
ich auch bei diesen Verkalkten die Zihne nicht nachweisen, so
ist wegen der Analogie an der Existenz nicht zu zweifeln. Die
Rippen sind schmal, sehr erhaben, und zu beiden Seiten gehen
in den Furchen eigentiimliche Zihnchen herab, die sich nicht
beriihren. Nur in der Jugend scheinen diese Zahnchen wie bei
subpunctatns die ganze Furche zu fiillen.*

2. AMENDED DIAGNOSIS

Distinguished from all other species of S. (Spondylopecten)
by the number of plicae (42-48).

3. AMENDED DESCRIPTION

Essentially similar to 8. (S.) subpunctatus. Differing by the
diagnostic larger number of plicae (see Section 2), whose
range of variation, if anything, increases phyletically (see Sec-
tion 10) and by the generally higher umbonal angle, whose
range of variation is from 91° (BM 66825) to 107° (BM
1.84341).

There is insufficient data to chart phyletic changes in um-
bonal angle and convexity; C/H for Bajocian forms is plotted
in text fig. 87.

The maximum height 1s 33.5 mm (BM L41934).

4. DISCUSSION

The original description of *P.” cardinatis QUENSTEDT (see
Section 1) does not specify the number of plicae but the figure
shows about 36, which suggests that it might be an extreme
representative of S. (S.) subpunctatus. There seem to be no
traces of the original to the figure (or of any other type speci-
mens) in the QuiNstenT Collection (GPIT) and it may be lost.
However, Starscrr (1926) probably had access to the speci-
men and applied the name to forms with about 45 plicae, as in
the species described in Section 3. If it could be established
beyond reasonable doubt that QUENSTEDT's type material is
lost the most sensible course would be to designate a neotype
in conformity with Starscue’s hypodigm. Until this is done
the species described in Section 3 can only provisionally be
accorded the name S. (S.) cardinatus.

The sole observed syntype of ‘P.” spinicostatis WHIDBORNE
(BM 66825; PL. 3, Fig. 21) possesses about 45 plicae and in its
convexity (1) and number of spine rows (2) is indistinguish-
able from S. (S.) cardinatus.

Of the specimens which Yin (1931) placed in *P.” cordifor-
mis GeanirLaro and Di Brast, only one, with 60 plicae, is re-
terable to that species (= S. (S.) globosus). The remainder,
with 4248 plicae, are inseparable from S. (S.) cardinatus.
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Text fig. 87:  Spondylopecten (S.) cardinatus — convexiry/height.

5. STRATIGRAPHIC RANGE

Although a long-lived species S. (S.) cardmnatus is only
known from a few disjunct records. The earliest is from the
Parkinsoni zone (U. Bajocian) of the Cotswolds where at
least seven specimens (see Section 7) have been found.
STAESCHE (1926) states that the species occurs sporadically in
the Oxfordian and Kimmeridgian of S. Germany but it would
seem that only two specimens have actually been recovered,
one from the U. Oxfordian (GPIT) and one from the Kim-
meridgian (STAESCHE’s measured specimen). A further two
specimens (GPIT, BM 49199) are known from the L. Titho-
nian of the same area. 15 specimens are recorded from the
U. Tithonian of S. France (Y, 1931).

6. GEOGRAPHIC RANGE

S. (S.) cardinatns is unknown outside Europe. Within
Europe, records are widespread but patchy (see Section 5).
They seem to indicate a gradual southward migration.

7. DESCRIPTION OF ECOLOGY

S. (8.) cardinatus is found in the U. Coral Bed (U. Bajo-
cian) at Dundry nr. Bristol and its probable lateral equivalent
at Cleeve Cloud nr. Cheltenham (assoc. fauna p. 95). Seven
specimens are contained in the BM, three with 43 plicae, three

with 44 and one with 46. The maximum height is 33.5 mm
(BM L41934).

Specimens from the Oxfordian and Kimmeridgian of
S. Germany (see Section 5) are, according to STAESCHE (1926),
derived from sponge ‘reef’ facies (fauna p. 101). STAESCHE cites
a height of 31 mm for a Kimmeridgian specimen. Specimens
from the L. Tithonian of Nattheim (Swabian Alb) and from
the U. Tithonian of Languedoc (see Section 5) are derived
from coral reef facies (fauna p. 88) and have a range of plical
variation from 42-48. The largest known specimen has a
height of about 25 mm (BM 49199).

8. INTERPRETATION OF ECOLOGY

Itis apparent from Section 7 that coralliferous deposits con-
stituted the most favourable environment for S. (S.) car-
dinatus. Both short-lived coral stands and reefs seem to have
been suitable (cf. HErTLEIN, 19695 HaLLAM, 1976) although by
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no means all such coral accumulations were colonised. In par-
ticular, the absence of §. (S.) cardinatus from the coralliferous
deposits in the Oxfordian of England and E. France, the Ox-
fordian and Kimmeridgian of the Jura, and the Tithonian of
the Franconian Alb, Czechoslovakia and Sicily, 1s very notice-
able. An explanation in terms of the general structure of the
coral accumulations (see p. 88) is precluded by the presence of
other Spondylopecten species and the invocation of inter-
specific competition (see p. 101) does nothing to solve the
problem since at one time or another S. (S.) cardinatus occurs
with abundant examples of each of the other S. (Spondylo-
pecten) species (e. g. with S. (S.) palinurus in the U. Bajocian
of England, with §. (S.) subpunctatus in the U. Tithonian of
France and with §. (§) globosus in the L. Tithonian of S. Ger-
many). A highly specific commensal relationship (see p. 96)
seems to be ruled out by the fact that §. (5.) cardinatus was
apparently able to colonise sponge as well as coral accumula-
tions and a temperature control can be discounted because the
distribution of the species is sull inconsistent in coralliferous
deposits at the same palacolatitude (e. g. in the S. German
Tithonian).

9. FUNCTIONAL MORPHOLOGY

As for other species of S. (Spondylopecten) little can be ad-
ded 1o the general interpretation of functional morphology
presented for the genus as a whole (p. 89). The considerable
variation in convexity of §. (S.) cardinatus is further sugges-
tive of a ‘wedged’ mode of life. The comparable mean convex-
ity to that of both S. (S.) palinurus and S. (S.) subpunctatus
suggests that cavities of the order of size occupied by these
species were also colonised by S. (S.) cardinatus.

The small maximum height (33.5 mm) indicates that S. (S.)
cardimatus could have remained byssate throughout on-
togeny (see p. 101) and it is likely that, even if it did unattach 1t
self, swimming would have been severely restricted by the in-
flated form.

10. ORIGINS AND EVOLUTION

Assuming that §. (S.) subpunctatus arose in the Aalenian
(see p. 100) the latter is the most likely ancestor for S. (S.) car-
dinatus. Otherwise the only possible ancestor within the sub-
genus is S. (S.) palinurus. In neither case could trans-specific
evolution have been based on heterochrony so some major
change in the genome is implied. There is no evidence that this
occurred gradually.

There is too little data to allow a confident assertion of the
existence of phyletic evolution within S. (S.) cardinatus.
However a slight phyletic increase in the range of plical varia-
tion (from 43-46, U. Bajocian to 4248, U. Tithonian) and a
decrease in maximum height (from 33.5 mm, U. Bajocian to
31 mm, Kimmeridgian to about 25 mm, U. Tithonian) is in-
dicated by the few available specimens. Both trends would
seem to indicate ‘r’ selection (Gourp, 1977) in contrast to the
apparent field occurence of the species, as a fairly rare element
in high diversity faunas (see Section 7), which suggests the
prevalence of ‘K’ selection.
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Spondylopecten (Spondylopecten) globosus (QUENSTEDT 1843)
Pl. 3, Figs. 22-24; text fig. 88

Synonymy
pv® 1843 Pecten globosks sp. novi QUENSTEDT, p. 476.
vt 1852 Pecten globosns QUENSTEDT; QUENSTEDT, p. 507,
pl. 40, fig. 46 (non fig. 45).
v¥ 1858 Pecten globosus QUENSTEDT; QUENSTEDT, p. 755,
pl. 92, fig. 20 (non pt. 78, fig. 2).
non 1862 Pecten Globosus QUENSTEDT; THURMANN and
ETALLON, p. 250, pl. 35, fig. 1.
non 1867 Pecten globosns QUENSTEDT; DE LORIOL, p. 335,

pl. 13, fig. 3.
1874 Pecten cordifornus sp. nov; GEMMELLARO and D1
BiLasl, p. 108, pl. 2, figs. 11-15.
1875 Pecten cordiformis GEMMELLARO and D1 BLAs:
GEMMELLARO, p. 43.
1883 Pecten cordiformis GEMMELLARO and D1 BLasi;
BOEHM, p. 611, pl. 67, figs. 27-29.
1883 Spondylus globosus (QUENSTEDT); BOEHM, p. 644,
pl. 70, figs. 3, 4.
1893 Pecten globosa QUENSTEDT; SIFMIRADZKL, p. 119.
non 1898 Pecten (Spondylopecten) globosus QUENSTEDT;
PHILIPPY, p. 620, 1ext figs. 6, 7.
1898 Spondylopecten G. Boehmi sp. nov; PHILIPPI,
p. 620.
1903 Pecten cordiformis GEMMELI ARO and D1 Brasi;
REMFS, p. 202, pl. 29, fig. 6.
1903 Pecten G. Boehmi PHilLIPPL; REMES, p. 205.
non 1903 Pecten (Spondylopecten) globosus QUENSTEDT;
REMES, p. 205.
2 1905 Pecten (Chlamys) globosus QUENSTEDT; KILIAN
and GUEBHARD, p. 817.
1910 Pecten globosus QUENSTEDT; LissAJous, p. 362,
pl. 10, fig. 5.
Pecten globosus QUENSTEDT; JOUKOWSKY and
FAVRE, p. 40, pl. 17, figs. 3-6.
1920 Pecten cordiformis GEMMEILARO and Dy Brasi;
FAURE-MARGUFRIT, p. 57.
Pecten (Spondylopecten) globosus QUENSTEDT;
FAURE-MARGULRIT, p. 60.
1926 Spondylopecten
STAESCHF, p. 110.
Pecten (Spondylopecten) globosus QUENSTEDT;
YIN, p. 118, pt. 12, figs. 3-6.
p 1931 Pecten cordiformis GEMMELLARO and D1 Brasy;
YIN, p. 119, pl. 12, fig. 7, pl. 13, fig. 7.
1936 Spondylopecten globosus (QUENSTEDT); DFCHAS-
EAUX, p. 66.
21959 Spondylopecten globosus (QUENSTEDT); HOLDER
and ZIEGLER, p. 165.
v 1975 Spondylopecten globosus (QUENSTEDT); YAMANI,
p. 62, pl. 3, figs. 7-9.

Y]

non 1913

non 1920

globosus (QUENSTEDT);

non 1931

Lectotype of Peeten globosus QUENSTEDT
1843, p. 476 designated herein; GPIT
2-40—46; figured Quensteor, 1852, pl. 40,
fig. 46, 1858, pl. 92, fig. 20; PI. 3, Figs. 22,
23 herein; H: 23, L: 25, AH: 7.5, PH: 5.5,
[: 16, C: 24, UA: 94, PL: 63; Malm ¢ (L.
Tithonian; see p. 105), Nattheim, Swabia.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

,Beide Schalen sind aufgebliht, wie die gewolbte Schale des
P. gryphaeatus der Kreide, und nihern sich insofern aufein-
ander geklappt der Kugelform, die Rippen markiert und nie
dichotum, grofle Symmetrie, wic bei Pectunculus, auch ste-

hen die Wirbel weit voneinander. Dem Pectern subpunctatus
sehr verwandt, nur werden sie viel grofier.

Bemerkenswert sind die Formen welche dem Pecten aequi-
costatus Sow. (gryphacatus Schl.) gleichen, und die nament-
lich im weiflen Korallenkalke von Arnegg wie von Au bet
Kelheim in so groBer Hiufigkeit vorkommen. Auch in den
kieseligen Kalken von Nattheim fehlen sie nicht, und auftal-
lenderweise erheben sich neben dem deltaférmigen Schiofi-
muskelloch zwet Zihne, von denen besonders der vordere
sehr lange und krifug wird.

2. AMENDED DIAGNOSIS

Distinguished from all other species ol S. (Spondylopecten)
by the number of plicae (51-71).

3. AMENDED DESCRIPTION

Essentially similar to S. (S.) cardinatus. Differing by the
diagnostic larger number of plicae (see Section 2), whose med-
ian value, if anything, oscillates phyletically (see Section 10),
and by the generally lower umbonal angle and higher
convexity. There is insufficient data from which to ac-
curately assess the range of variation in the latter parameters.
The lectotype of the species (see above) probably exhibits
fairly typical proportions. The maximum height is 26.9 mm
(STarscitr, 1926).

4. DISCUSSION

QuinsTFDT’s (1843) original hypodigm for *P." globosus is
a matter of some doubt. A comparison with ‘P." subpunc-
tatus MonsTER combined with a reference to very high con-
vexity in the original description (see Section 1) suggests that
it included forms referable to both S. (S.) subpunctatus and
the species described in Section 3. This interpretanonis borne
out by the fact that the QuenstepT Collection (GPIT) used to
contain two specimens labelled *P.” globosus, one with mod-
erate convexity and about 30 plicae and the other with high
convexity and about 60 plicae, and by the fact that both
specimens were figured by QueNsteDT a5 *P.” globosus n later
works (1852, 1858). For the purposes ol this work it 1s desira-
ble to restrict QuUENsTEDT’s taxonomic species by designating
one or other specimen as the lectorype. However, following
Recommendation 74A of the ICZN (N. R. Srott etal., 1964)
due weight is given in the choice to valid restrictions of the
species by previous authors, as discussed below.

Trurvianny  and  ETatton (1862), pf Lorior  (1867),
Jourowsky and Favee (1913), Praicieer (1898), Reves (1903),
Faure-Marcurrit (1920) and Yin (1931) all apply Quens.
TEDT's specific name to forms with about 30 plicae (see
p. 99). However, only in the last four cases 1s it clear, trom
the fact that other specimens with about 60 plicae are referred
to dif(erent species, that these authors actually restricted their
concept of QUENSTFDT's taxonomic specices to forms with ab-
out 30 plicae. In fact, Pritierr’s citation of the specimen fig-
ured in pl. 92, tig. 20 of Der Jura (the form with about 60
plicac) as type for his restricted concept of the species effec-
tively re-expands his hypodigm to that probably envisaged
originally by Quenstrot.



Borxw (1883), Lissajous (1910), StarscHr (1926), Dr-
cHASEAUX (1936) and Yauvant (1975) apply QuensTeDT’s
specific name to forms with about 60 phicae. All but Lissajous
give a clear indication that their concept of QUEnsTEDT’s tax-
onomic species is restricted to such forms by referring other
specimens with about 30 plicae to different species. Starsciir
suggests moreover that QuensTeDT himself may have intended
such a restriction in Der Jura. It is STAESCHE’s contention
that in the latter work (1858), in which ‘P.” aequatns, a new
species with about 30 plicae is also figured, QuUeNsTEDT ap-
plied the name ‘P.” globosus by mistake to an illustration of
the cardinal area of a form with about 30 plicae which he really
meant to label as a second figure of ‘P.” aequatus. On these
grounds StaeschE draws the logical conclusion that in 1858
Quenstrot restricted his hypodigm for *P.” globosis to forms
with about 60 plicae. Thereis howeverno a priori reason to
think that QuenstenT made a nomenclatural error and furth-
ermore there are no grounds for believing, as Staesctir seems
to imply, that QuensTenT intended such arestriction all along.
The description in 1843 and the iltustrations in 1852 belie this
reasoning (see above). On the available evidence one must
draw the conclusion that QuensTenT erected ‘P.” aequatus as
a species distinct from the original specimen of ‘P.” globosus
with about 30 plicae.

In summary it can be said that previous restricted usage of
QUENSTEDT’s taxonomic species 1s, on the basis of specimens
described in the literature studied by the author, apparently
equally divided betrween forms with about 30 and forms with
about 60 plicae. Weight of numbers therefore gives no lead in
the selection of an appropriate lectotype for *P.” globosus.
The first author to apply QueNsTEDT's specific name in a
clearly restricted sense was Boenu (1883) who used the name
for forms with about 60 plicae. Therefore on grounds of his-
torical precedence the original specimen with about 60 plicae
is the most appropriate choice for the lectotype of
‘P.” globosus. Since this specimen appears to be the only one
remaining of the two originally housed in the GPIT such a
selection also avoids any possible need to designate a neotype.
Accordingly the specimen with about 60 plicae (PL 3,
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Figs. 22, 23) is herein designated as lectotype. As a result
Spondylopecten G. Boebmi Prinert, which was erected for
this and another specimen (following restriction of Quens.
TEDT’s taxonomic species to the original specimen with about
30 plicae), would seem to become a junior objective synonym,
and if so must be rejected.

Non-synonymous and questionably svnonymous usages
of QuensTEDT’s specific name quoted in the synonymy are
discussed on p. 99. All other usages are within the present au-
thor’s hypodigm for S. (S.) globosus (see Section 3).

‘P.” cordiformis GenveLiaro and Dr Brast is inseparable
from S. (S.) globosus by its inflation (C/L: 0.94) and number
of plicae (56). Nevertheless Borrnt (1883) considered that the
two species should be placed in separate genera (cordiformis
in Pecten, globosus in Spondylus) on the basis of the lack of a
cardinal area in the former and of a byssal notch in the latter.
However, StarscHE (1926) has pointed out that this is merely
the result of poor preservation and that theretore the species
cannot be separated at any level. Of the forms referred to
Gemvirraro and Di Brast’s species by Yin (1931) only one,
with 60 plicae, is referable to S. (S.) globosus. The remainder,
with 4248 plicae, must be assigned to S. (S.) cardinatus.

5. STRATIGRAPHIC RANGE

An indeterminate number of specimens from the U. Ox-
fordian of the Maconnais (Lissajous, 1910; DrcHASEAUX,
1936) constitutes the first certain record of S. (S.) globosus.
Y amant (1975) states that the species occurs in the Callovian
of S. France but provides no evidence in the form of a refer-
ence. His record of the species from the Kimmeridgian of
S. Germany is also doubtful since it is probably based on
QuensTeDTs  (1843)  description of ‘P.” globosus  from
Kelheim (see Section 1), which may in fact referto S. (S.) sub-
punctatus (see Section 4). No museum specimens of S. (S.)
globosis are known from the latter locality but examples of S.
(S.) subpunctatus are quite common. A specimen of S. (S.)
globosus labelled ‘Malm ¢ , Ulm’ in the GPIT could well be
from the L. Tithonian rather than the Kimmeridgian, as the

Text tig. 88: Spondylopecten (S.) globosus — European distribution.
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label implies. Museum specimens from the L. Tithonian reef
faciesin S. Germany are invariably incorrectly labelled in this
way. Since the only other record of Kimmeridgian S. (S.)
globosus (Hororr and ZigcrLer, 1959) is ol questionable valid-
ity (see p. 99) there are no unequivocal occurrences of the
species in the stage.

S.(S8.) globosus becomes locally common in the L. Titho-
nian and continues thus into the U. Tithonian (GrumrLL ARO
and Dr Buasi, 1874; GrmmreLLArRO, 1875; Bornw, 1883
Faure-MarcruriT, 1920; Yin, 1931).

6. GEOGRAPHIC RANGE

S. (S.) globosus 1s unknown outside Europe. Within
Europe (text fig. 88) the species is restricted to the central and
southern parts of the continent, where its [ocal distribution is
intimately linked with that of coralliferous deposits (see Sec-
tions 7, 8).

7. DESCRIPTION OF ECOLOGY

The records of S. (S.) globosns [rom the U. Oxfordian of
the Maconnais (see Section 5) are from coralliferous lime-
stones. The range of plical variation is apparently from 55-65
(DEcHAsEAUX, 1936).

Inthe L. Tithonian S. (S.) globosus is reported to be com-
mon in the coral reefs at Nattheim, Sirchingen and Wittlingen
in Swabia (STarscHE, 1926) and to also oceur in the same facies
at Neuburg in Franconta (Yamant, 1975). The range of plical
variation 1s from 51 (GPIT) — 65 (Starschr, 1926) and the
maximum height 1s 26.9 mm (StarscHE, 1926). The species is
also known from coral reef facies in the U. Tithonian of
S. France (FAURE-MaRGUERIT, 1920; YN, 1931), Sicily (Gewm-
MELLARO and D1 Brasi, 1874; GEMMELLARO, 1875) and Czecho-
slovakia (Boenm, 1883; Remes, 1903) where it is particularly
abundant and reaches a maximum height of 24 mm (BM
1.23886). The range of plical variation in U. Tithonian forms
is from 56 (Gewmriraro and Di Brasi, 1874) to 71 (BM
LL17205). The typically associated fauna in Tithonian oc-
currences of S. (S.) globosus is described on p. 88.

There are no certain occurrences of S. (S.) globosus apart
from those discussed above.

8. INTERPRETATION OF ECOLOGY

It is clear from Section 7 that S. (S.) globosus was a coral
reef-dwelling species. However, by no means all such reefs
were colonised. The absence of the species from reef and
recf-derived sediments in the Oxfordian of England, N.
France and N. Germany (see Section 6) could perhaps be the
consequence of a temperature restriction. However, the in-
consistent distribution in coral reefs at approximately the
same palacolatitude (presence in the Tithonian of Czecho-
slovakia and S. Germany, absence from the Oxfordian of the
E. Paris Basin, Oxfordian and Kimmeridgian of the Jura,
Kimmeridgian of La Rochelle and probably also Kelheim) ar-
gues against this hypothesis. While the general reef structure
might be the cause of the lack of S. (S.) globosus at La
Rochelle (see p. 88) it cannot be invoked as an explanation for
absences from the other reefs, in each of which at least one of
the other S. (Spondylopecten) species is known to occur

commonly. Competitive exclusion by S. (S.) palinurus is
another possible explanation since the latter is present at all of
the above localities where S. (S.) globosus is absent, apart
from Kelheim. Morcover, the two species are not known to
occur together in large numbers at any locality. However, if
Spondylopecten species occupied different microhabitats (see
p- 89) it seems unlikely that they would have competed and
indeed there is little evidence of competition in general (see p.
103). An alternative explanation for the distribution of S. (S.)
globosus in terms of a commensal relationship with one par-
ticular coral species must also be considered doubtful on the
basis of the failure of such a hypothesis (see p. 96) to account
for the irregular distributions of other S. (Spondylopecten)
species. There is, however, no specific reason for rejection in
the case of §. (S.) globosus.

9. FUNCTIONAL MORPHOLOGY

Litde can be added to the general interpretation of func-
tional morphology in Spondylopecten presented on p. 89.

The maximum height of 26.9 mm indicates that the species
could have remained byssate throughout ontogeny (see p. 101)
while the inflated form renders it likely that if it unattached it-
self avall, S. (S.) globosus could only have been a very ineffi-
clent swimmer,

Such phyletic changes in height and plical variation as may
have occurred (see Section 10) are too small to have had any
effect on the mechanices of the shell (¢f. pp. 97, 101).

10. ORIGINS AND EVOLUTION

The most likely ancestor for S. (S.) globosus is S. (S.) car-
dinatus. A ‘genetic revolution” presumably accompanied
speciation since the lack of ancestral allometry rules out
evolution by heterochrony. There 1s no evidence that specia-
tion occurred gradually, but some suggestion that it occurred,
at least on a small scale, allopatrically, since the first oceur-
rence of S. (S.) globosus is as an isolated population (U. Ox-
fordian, Miconnais) apparently at the edge of the contem-
poranecous geographic range of S. (S.) cardinatus.

The apparent phyletic oscillation in the median number of
plicae (60, U. Oxfordian; 58, L. Tithonian; 63/64,
U. Tithonian) may well be more a consequence ol the limited
number of museum specimens available to the author than a
reflection of a real phenomenon.

Museunt specimens indicate no significant change in max-
imum height in the passage from L. (26.9 mm) to U. (24 mm)
Tithonian.

Genus CAMPTONFECTES Acassiz in Mtk 1864

Type species. SD; Stoliczka 1871, p. 425; Pecten lens ].
Sowerey 1818, p. 3, pl. 205, figs. 2, 3; Corallian Beds (Ox-
fordian) of the Oxford district.

AMENDED DIAGNOSIS

Partor all of exterior ornamented with fine, oblique, diver-
gent, curved, crenulated, commonly punctate striae and con-
centric lines or raised laminae. L. Jur. = U. Cret., cosmop.



DISCUSSION

HerTLEIN's (1969: N351) diagnosis for Camptonectes has
been slightly altered so as to expressly include forms (e. g. C.
(C.) subulatus, C. (Camptochlamys) clathratus) which only
have the distinctive divaricate ornament on a small part of the
shell. Such forms are undoubtedly related to the more typical
members of the genus well provided with divaricate orna-
ment. Examples of C. (C.) subulatus which possess only a
small byssal notch (e. g. PL. 4, Fig. 7) closely resemble the
contemporaneous species Entolium (E.) lunare. They may,
however, be distinguished by the features described on p.
35 thus there is little evidence to support STAESCHE's (1926
55) contention that Camptonectes and Entoliwm are conver-
gent in the L. Jurassic.

Subgenus CAMPTONECTES s. s.

(Errors Campstonectes voN TEPPNER 1922 [nom. null.]
Campitonectes SaLISBURY 1939 [nom. null.]
Camponectes VyaLov and Korosrkov 1939

[nom. null.])

AMENDED DIAGNOSIS

Concentric sculpture of fine growth lines. L. Jur. (Het-
tang.) — U. Cret. (Maastricht.), cosmop.

DISCUSSION

In his diagnosis, HERTLEIN (1969: N351) stated that the first
occurrence of C. (Camptonectes) was in the U. Lias (Toar-
cian). C. (C.) subulatus and C. (C.) auritus are known, how-
ever, from the lowermost horizons in the Lias.

In well preserved material four groups may be distin-
guished in Jurassic C. (Camptonectes) on the following basis:

1. Sub-ovate disc, fine divaricate striae on all parts of disc
(= C. (C.) virdunensis).

2. Sub-orbicular disc, fine divaricate striae on all parts of
disc 6= C. (C.) auritus).

3. Sub-orbiculardisc, coarse divaricate striae on all parts of
disc (= C. (C.) laminatus).

4. Sub-orbicular disc, fine divaricate striae restricted to an-
terior and posterior margins of disc (= C. (C.) subula-
tus).

As pointed out by ArkerL (1930a), Group 3 may also be
distinguished from Group 2 by the presence of comarginal
lamellae on the anterior auricle of the left valve. Contrary to
ARrkELL’s opinion lamellae are not consistently developed on
the posterior auricle of the right valve in Group 3 and it is not
possible to distinguish the two groups on the basis of H/L
(text figs. 98, 108) or H/UA (text figs. 99, 109). Group 3 al-
most entirely replaces Group 2 in the Bathonian of Europe
yet there are no certain records of Group 2 elsewhere to
evince a migration. The possibility therefore that the coarser
ornament distinguishing Group 3 is merely an ecophenotypic
respanse of Group 2 to Bathonian environments cannot be
entirely discounted. An analysis along the lines adopted for
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Radulopecten vagans (see Jonnson, 1981) could be used to
text this hypothesis. However, until this is undertaken it scems
preferable to treat the two groups as separate species. A simi-
lar approach is taken for Group 1, in which the high H/L (text
fig. 118) and H/UA (text fig. 119) might merely be an
ecophenotypic response of Group 2 to the coral reef habitat.
Recent species from such environments often take on an elon-
gated shape as the result of the physical restriction on growth
imposed by a dense coral framework (WaLLER, 1972b).

Although within Group 2 there are systematic variations in
metric proportions with horizon and geography these are
more easily interpreted as an expression of respectively phyle-
tic evolution and ecophenotypic variation (see p. 117) in a
single species rather than as a result of the existence of nume-
rous species within Group 2.

Camptonectes (Camptonectes) subulatus (MONSTER 1836)
Pl. 4, Figs. 3-5, 7, 8, ?Figs. 6, 9; text figs. §9-97

Synonymy

21833 Pecten textilis sp. nov; MUNSTER in GOLDFUSS,
p. 43, pl. 89, figs. 3a—d.
1836 Pecten subulatus sp. novi MUNSTER in GOLDFUSS,
p- 73, pl. 98, figs. 12a—c.
Pecten calvus sp. nov; GOLDEUSS, p. 7+, pl. 99,
figs. la—c.
1836 Pecten substriatus sp. novi ROEMER, p. 71.
2 1839 Pecten dextilis MUNSTER; ROEMER, p. 28, pl. 28,
figs. 24a—c.

v 1836

v# 1850 Pecten Castor sp. nov; D’ORBIGNY, v. 1, p. 220
(BOULE, 1907, v. 2, p. 167, pl. 23, fig. 15).

(2) 1850 Pecten subulatus MUNSTER; D'ORBIGNY, v. I,
p. 257.

(2) 1850 Pecten calvus GOLDFUSS; D'ORBIGNY, v. 1, p. 257.

2 1858 Pecten amatus sp. nov; ANDLER, p. 644.

v*? 1858  Pecten disparilis sp. novi QUENSTEDT, p. 47,
pl. 4, figs. 8, 9.

v* 1858  Pecten punctatissimus sp. nov; QUENSTEDT, p. 79,
pl. 9, fig. 14.

v¥ 1858  Pecten strionatis sp. nov; QUENSTEDT, pp. 147,

183, pl. 18, fig. 21, pl. 23, fig. 2.
1858 Pecten Trigeri sp. nov; OPPEL, p. 103.
1863 Pecten subulatus MUNSTER; SCHLONBACH, p. 544.
1865 Pecten punctatissimus QUENSTEDT; TERQUEM and
PIETTE, p. 103, pl. 12, fig. 62.
1865  Pecten jamoignensis sp. nov; TERQUEM and
PIFTTE, p. 104, pl. 12, figs. 20, 21.
Pecten Etheridgii sp. nov; TAWNEY, p. 81, pl. 3,
fig. 4.
1870 Pecten Lohbergensis sp. nov; EMERSON, p. 318,
pl. 9, figs. 4, 4a, 4b.

v

~

v*? 1866

(?) 1871 Pecten subulatus MUNSTER; BRAUNS, p. 393.
(?) 1876 Pecten calvus GOLDFUSS; TATE and BLAKE, p. 362.
(?) 1876 Pecten punctatissimus QUENSTEDT; TATE and

BLAKE, p. 362.
1876 Pecten Lohbergensis EMERSON; TATE and BLAKE,
p. 362.
(?) 1876 Pecten substriatus ROEMER; TATE and BLAKE,
p. 362.
1878 Pecten (Amusium) Bellampensis sp. nov; GEM-
MELLARO and D1 BLAst, p. 403, pl. 30, figs. 15, 16.
1881 Pecten Tullbergt sp. nov; LUNDGREN, p. 28, pl. 5,
figs. 11, 12.
v 1884 Pecten punctatus sp. nov; SIMPSON, p. 171.
? 1888 Pecten Lundgreni sp. nov; MOBERG. p. 35, pl. I,
figs. 27-32.
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(?) 1888
1895

? 1906

(?) 1907
1907

1909

(2) 1916
21917

v 1923
1923
1926

? 1926
v 1926

v non 1926

21926
1926

v 1926

(?) 1928
v 1934

(?) 1934
1934

v 1935
1936
1936

(?) 1936
v 1936
(?) 1942
1948
1951
1951

non 1951
non 1951}
1956
non 1956
1956
1956
1956

v 1956

Pecten subulatus MONSTER; MOBERG, p. 36, pl. I,
fig. 33.

Pecten Rink: sp. nov; LUNDGREN, p. 200, pl. 3,
fig. 14.

Pecten cfr. Bellampensis GEMMELLARO and Di
Brasi; Fucing, p. 617, pl. 11, fig. 1.

Pecten (Entolinm?) calvus GOLDFUSS; JOLY, p. 76.
Pecten (Entolinm¢) jamoignensis TERQUEM and
PIETTE; JOLY, p. 76.

Pecten (Chlamys) subulatus MUONSTER; TRAUTH,
p- 90.

Pecten strionatis QUENSTEDT; JAWORSKI, p. 417.

Pecten tingensis sp. nov; TILMANN, p. 674, pl. 24,
fig. 6.

Pecten dehmensis sp. nov; ERNST, p. 54, pl. 1,
figs. 10, 11.

Pecten (Plewronectites) sublaevigatus sp. nov;
ERNST, p. 57, pl. 1, fig. 9.

Chlamys (Camptonectes?) cf. lohbergensis (EMER-
SON); Cox, p. 180.

Chlamys Trigert (OPPELY; STAESCHE, p. 56.
Chlamys subulata (MUNSTER); STAESCHE, p. 57,
pl. 2, figs. 9, 10, pl. 5, fig. 6.

Chlamys calva (GOLDFUSS); STAESCHE, p. 58,
pl. 2, figs. 11, 12.

Chlamys substriata (ROEMER); STAESCHE, p. 63.
Chlamys punctatissima (QUENSTEDT); STAESCHE,
p-73.

Cuamptonectes aff. sublaevigato (ERNST); STAE-
SCHE, p. 75, pl. 3, figs. 1, 8, 11.

Chlamys substriata (ROEMFR); COX, p. 242.
Chlamys substriata (ROEMER); KUHN, p. 472,
pl. 18, figs. 6a, 6b.
Chlamys substriata var.
ROSENKRANTZ, p. 113.
Camptonectes aff. sublaevigatus (ERNST); ROSEN-
KRANTZ, p. 117.

Chlamys substriata (ROEMER); KUHN, p. 246,
pl. 12, fig. 35.

Pecten (¢Chlamys) jamoignensis TERQUEM and
PIETTE ; DECHASEAUX, p. 28.

Pecten (?Chlamys) subulata MONSTER; DECHAS-
EAUX, p. 28.

Chlamys ¢ punctatissimus (QUENSTEDT); DECHAS-
EAUX, p. 29.

Camptonectes sp; DECHASEAUX, p. 29, pl. 4,
figs. 7, 8.

rinki (LUNDGREN);

Chlamys substriata var. rinki (LUNDGREN); RoO-

SENKRANTZ, pp. 23, 29, 30, 32, 38.

Pecten (Camptonectes) sp: DUBAR, p. 161, pl. 13,
fig. 2.

Chlamys  subulata
p- 212, pl. 20, fig. 17.
Chlamys tullbergi (LUNDGREN); TROLDSSON,
p- 213, pl. 23, figs. 5, 6.

(MUNSTER); TROEDSSON,

Entolium  calvum  (GOLDFUSS); TROEDSSON,
p- 217, pl. 20, figs. 9-13.
Entolium  lundgreni  (MOBERG); TROEDSSON,

p. 218, pl. 20, figs. 4-8.

Chlamys subnlata (MUNSTER); MELVILLE, p. 121,
pl. 5, fig. 3.

Chlamys subulata securis (DUMORTIER); MEL-
VILLE, p. 121, pl. 5, figs. 4, 5.

Chlamys ?calva (GOLDFUSS); MELVILLE, p. 122,
pl. 5, figs. 1, 2.

Camptonectes jamoignensis (TERQUEM and PIETTE);
MELVILLE, p. 123.
Camptonectes  lohbergensis
VILLE, p. 123, pl. 5, fig. 6.
Camptonectes mundus sp. nov; MELVILLE, p. 124,
pl. 1, figs. 1—.

(EMERSON); MEL-

1963
(2) 1966

1967

1967
(?) 1967
(?) 1968
(?) 1968
() 1971

? 1972

Camptonectes lohbergensis (EMERSON); HALLAM,
p-561.

Entolmm cf. subulatum (MUNSTER); BEHMEL and
GEYER, p. 26.

Camptonectes lobbergensis (EMERSON); BERRIDGE
and 1vIMEY-COOK, p. 160.

Camptonectes mundus MELVILLE; BERRIDGE and
IviMEY-COOK, p. 160.

Chlamys subnlata (MUNSTER); BERRIDGE and
Ivimey-COOK, p. 160.

Chlamys (?) calva (GOLDFUSS); WOBBER, p. 306.
Chlamys subulata (MUNSTER); WOBBER, p. 306.
Chlamys subulata (MUONSTER); HALLAM, pp. 242,
243.

Camptonectes (Camptonectes) fromageti sp. nov;
Hayawmi, p. 195, pl. 34, figs. 5-8.

No trace of the type material of Pecten
subulatus MONsTER in Gorpruss 1836, p. 73,
pl. 98, figs. 12a—c has yet been found in the
Monster/Gorpruss Collections in BSPHG
and GPIB. The material was derived from the
‘Liaskalk’ (L. Jurassic) of S. Germany.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘Pecten testa oblique ovali aequivalvi inacquilaterali con-

vexo-plana laevi, striis radiantibus et concentricis vix con-

spicuis, auricula antica elongata basique sinuara.

E montibus Bavaricus et Wurtembergicis M. M.

Gleichklappig, schief oval-kreisrund, flach-convex, glatt

und glinzend. Durch Vergroferung erkennt man sehr zarte,

gedringte konzentrische Streifen und einige ausstrahlende
Linien. Die Ohren sind in etwas abweichender schiefer Rich-
tung abgeschnitten, die hintern sehr kurz, die vordern aber

welt Uber den Rand hinaus verlangert.

Findet sich im Liaskalk bei Altdorf, Amberg, Ellwangen
und Wasser-Alfingen.*

2. AMENDED DIAGNOSIS

Distinguished [rom C. (C.) auritus and C. (C.) laminatus
by the restriction of surficial ornament to the anterior and
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Text fig. 89:  Camptonectes (C.) subulatus — height/length.
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Text fig. 90:  Camptonectes (C.) subulatus — height/umbonal angle.

posterior margins. Distinguished from C. (C.) virdunensis
by the more orbicular disc.
y

3. AMENDED DESCRIPTION

Disc sub-orbicular, slightly higher than long at all stages in
ontogeny (text fig. 89); maximum height 52.5 mm (GPIT).
Umbonal angle very variable (text fig. 90) butincreasing dur-
ing ontogeny to produce concave dorsal margins. Disc flanks
very low.

Equilateral; inequivalve, low convexity, left valve slightly
more convex than right.

Intersinal distance variable, greater in left valve than right
(text figs. 91, 92) but increasing isometrically in both. Depth
of byssal notch very variable (text fig. 93) but usually increas-
ing isometrically.

Auricles well demarcated from disc, variable in size, an-
terior larger than posterior. Posterior auricles meeting hinge
line at an obtuse angle and disc at an acute angle. Anterior au-
ricles meeting hinge line at about 90°; that of left valve meeting
disc at an acute angle, that of right valve meeting disc at 90° or

more. All auricles ornamented with fine comarginal striac and
where well preserved, fine divaricate striae.

Height of anterior auricle and length of posterior hinge in-
creasing with approximate isometry (text figs. 94, 95).
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Text fig. 91:  Camptonectes (C.) subulatus - intersinal distance on

left valve/length.
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Length of anterior hinge possibly increasing at a decreasing
rate (text fig. 96).

Centre of disc exterior smooth in both valves. tn well pre-
served specimens anterior and posterior margins, particularly
in the dorsal region, bearing fine divaricate striae (Pl 4,
Fig. 3), rendered ‘punctate’ by the intersection of comarginal
striae. tnner shell layers formed into radial striac of low amp-
litude (PI. 4, Fig. 8).

Shell very thin. Outer layer including at least one sub-layer
of divaricate fibres.
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Text fig. 92:  Camptonectes (C.) subulatus — intersinat distance on
right valve/length.

4. DISCUSSION

The taxonomy of the weakly ornamented L. Jurassic Pec-
tinidae has been a subject of considerable confusion. Distinc-
tion at the generic level is dealt with on pp. 35, 107. The prolif-
eration of names at the specific level has resulted largely from
a failure to appreciate the wide but continuous range of varia-
tion In metric proportions of the species described in Sec-
ton 3 and the range of sculptural patterns in the latter result-
ing from abrasion and dissolution of the thin shell. Four main
sculptural patterns (analogous to those observed in Pro-
peamussinm (P.) punilum by HoLper (1978)) can be recog-
nised in the passage from complete shell preservation to inter-
nal mould.

a) Perfect preservauion produces shells conforming to the
description in Section 3.

b) Loss of the very thin shell layer bearing ‘Campronectes-
ornament’ on the lateral disc margins and auricles, leaves a
smooth but relatively thick shell bearing traces only of co-
marginal striae (Pl. 4, Figs. 4, 7).

¢) Loss of a further shell layer results in the exposure of rad-
1al striae which form a reticulate pattern with the comarginal
striae (Pl 4, Fig. 5; postero-ventral of centre), this standing
out as rows of comarginal ‘punctae’ (cf. a) in suitably fine
sediment.

d) Loss of the remainder of the outer layer leaves only the
radial striae of the inner shell layers which persist to the inter-
nal shell surface and thus appear on moulds (Pl. 4, Fig. 8).

Paired valves often exhibit different sculpture, with the
right valve usually representing a more advanced state of abra-

sion, presumably as the result of more frequent contact with
the substratum during life.

BM L.40676 (Pl. 4, Fig. 5) exhibits, in different parts of the
shell, each of the first three preservation states referred to
above, thus convincingly demonstrating that they do not re-
flect genetic differences. That forms corresponding to pre-
servation state d) are conspecific is made clear by the fact that
their metric proportions (specimens marked with a glyph in
text figs. 89-96) are inseparable from more perfectly pre-
served specimens. However, the development of fine radial
striae 1s not restricted to the species under discussion but is
also seen in, for instance, small or abraded examples of the
‘fine” phenotype of Chlamys (Ch.) textoria. Thus, where
original material and figures are poor or lacking and descrip-
tions inadequate, there remains considerable taxonomic un-
certainty (see below).

Type and original specimens and figures of type specimens
apparently corresponding to preservation state a) are: —

1. The holotype (OD) of Camptonectes mundus MeLviLLE

(1GS 28760).

2. The original of C. sp. Decraseaux (NM).

3. The original figure of C. (C.) fromaget: Havamr.

4. The original figure of ‘Pecten’ lundgreni Mopgra.

In each of the above cases metric proportions plot within
the ranges of text figs. 89-96. Trorpsson (1951) referred
MogerG’s species to Entolinm. Since he may have had access
to the type material it is possible that the appearance of divari-
cate striae on the original figure may be a misrepresentation of
the divaricate fibres which are present in the outer shell layer
ot Entolium as well as the species described in Section 3. In
the case of C. (C.) fromagetr (a species described from Viet-
nam) it is possible that the lack of ‘Camptonectes-ornament’
in the median part of the shell is not due to an original absence
but to wear of what was previously a more completely or-
namented shell.
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Text fig. 93:  Camptonectes (C.) subulatus — depth of byssal
notch/length.

Type specimens and figures of type specimens correspond-
ing to preservation state b) are: —
5. A syntvpe of *P.” calvus Goipruss (GPIB 609; PL. 4,
Fig. 4).
6. The two known syntypes of ‘P.” dehmensis ErnsT
(GPIG).
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Text fig. 94:
auricle/length.

Camptonectes (C.) subulatus — height of anterior

7. The original figure of ‘P.” sublaevigatus ErNsT.

8. The original figure of ‘P.” rinki

9. The original figure of ‘P.” (Amusium) Bellampensis
GemvieLLARO and Di Brasi.

10. The original figure of ‘P.’ tingensis TivanN.

LUNDGREN.

Numbers 5-9 plot within the ranges of text figs. §9-96.
Most of the 16 syntypes of ‘P.” tingensis (GPIB; from Peru)
are unlike TiimanN’s figure in that they display radial and, in
some cases, comarginal ornament. ltis therefore very doubt-
ful whether ‘P, tingensis can be referred to the species de-
scribed in Section 3. Gorpruss’ specific name calvits has been
applied to figured specimens which by the configuration of
the auricles are clearly referable to Entolium (E.) lunare
(STAESCHE, 1926; TrOEDSSON, 1951). With the evident possi-
bility of confusion unfigured references to Gorpruss’ species
in 0’ORrBIGNY (1850), Tate and BrakE (1876), Jouy (1907) and
WossER (1968) cannot safely be synonymised with the species
under discussion. Fucinrs (1906) figure of GEvuriraro and
D1 Brast’s species may also refer to E. (E.) lunare and Axp.
LER’s (1858) unillustrated species ‘P.” amatus, described only
as a smooth flat shell with comarginal striae, has a similarly
equivocal status.
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Text fig. 95:  Camptonectes (C.) subulatus — posterior hinge
length/length.
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Text fig. 96:  Camptonectes (C.) subulatus — anterior hinge
length/length.

Type specimens and figures and descriptions ol type speci-
mens corresponding to preservation state c) are: —

11. The holotype (M) of ‘P.’ punctatissirnus QUENSTEDT
(GPIT).

12. The original figure of ‘P.” Lobbergensis EMerson.

13. The original description of ‘P.” substriatus Rormer.

14. The single observed type of ‘P.” punctatus Sivirson
(WM 604).

Metric proportions of 11 and 12 plot within the ranges of
text figs. 89-96. Both QuensTEDT’s and Rorvier’s specific
names have been applied (by respectively Trrouev and Pirt-
TE, 1865 and Staeschr, 1926) to quite strongly striate speci-
mens which may be referable to Chlamys (Ch. ) textoria.
Therefore, bearing in mind the remarks made on p. 110 it seems
wise to regard inadequately characterised references to these
species in Tatt and Brake (1876), Cox (1928), ROSENKRANTZ
(1934, 1942), and Drcraskaux (1936) as of uncertain tax-
onomic position.

Type specimens and figures and descriptions of type speci-
mens corresponding to preservation state d) are: —

15. The sole observed syntype of ‘P.” disparilis QueNsTEDT
(GPIT 4-4-8; PL. 4, Fig. 6).

16. A syntype of ‘P.” strionatis QuensTepT (GPIT).

17. The holotype (M) of ‘P.” Castor p’Orsicny (MNS).

18. The original figure of “P.” subulatus MONSTER.

19. The original figure of *P.’ jamoignensis TerouEM and
PiETTE.

20. The original figure of ‘P.” Tullbergi LUNDGREN.

21. The original figure of ‘P.” Etheridgii Tawney.

22. The original figure of ‘P.’ textilis MunsTER.

23. The original description of ‘P.” Triger: OpprL.

Numbers [5-20 have metric proportions which plot within
the ranges of text figs. 89-96. However, ‘P." disparilis dis-
plays particularly prominent radial striae and bearing in mind
its horizon of derivation (Planorbis zone) might be an exam-
ple of Chlamys (Ch.) valoniensis. The same may also be the
case for ‘P.’ Etheridgii (syntypes: 1GS 7829, 91801; Pl. 4,
Fig. 9) which may also have an anomalously low L/PH (21).
N/L of ‘P.” textilis (22) is similarly low and Ropmer (1839),
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who may have examined the syntypes, has applied the name
to forms which are reminiscent of Ch. (Ch.) textoria. Bearing
in mind the remarks made on p. 110 MUNSTER’s species can
only tentatively be placed in synonymy. The same approach
must also be adopted for *P.” Trigeri (23) which has been
applied by StarscHr (1926) to specimens whose description
recalls that of the “fine’ phenotype of Ch. (Ch.) textoria.

In the uncertainty over the affinities of ‘P.” textilis the ear-
liest available name for the species described in Section 3 is
‘P.” subulatus Monster. The type material appears to be lost
thus a neotype mayv need to be designated. Bearing in mind the
remarks made on p. 110 with respect to radially striate speci-
mens, inadequately characterised references to MonsTER's
species in D’ORBIGNY (1850), Brauns (1871), MoBire (1888),
Bernter and Gever (1966), BerriDGE and Ivimey-Cook (1967),
Wosser (1968) and Harrav (1971) and to QUENSTEDT’s
‘P.” strionatis in Jaworski (1916), must be treated with some
scepticism. MELVILLE’s (1956) *Ch. " subulata securis s discus-
sed under Ch. (Ch.) textoria.

5. STRATIGRAPHIC RANGE

The earliest record of C. (C.) subnlatus is a single specimen
from the pre-Planorbis beds of Gloucestershire (BM L77305).
Thereafter the species becomes common in the Planorbis zone
(Hettangian) of S. Germany (Staescir, 1926) and in suitable
sediments (see Section 8) is thus found in all stages unl the

U. Pliensbachian. There are no unequivocal records from the
L. Toarcian but seven specimens are known from the
U. Toarcian of Germany (Ernst, 1923; Starscur, 1926;
GPIG). p’OrsicNy’s (1850) records from the Toarcian of
Germany are of doubtful status (see p. 71) but Rosinkraxtz
(1934) records examples of C. (C.) subulatus from the Toar-
cian of Greenland.

Statsc (19261 75) records a specimen from the Aalenian
whose H/UA (24) and ornamentation is indistinguishable
from that of C. (C.) subulatus. However, other weakly or-
namented Aalenian examples of C. (Camptonectes) such as
BM L41942 have a higher H/UA (25) and are probably ab-
raded specimens of C. (C.) anritus. Thus Starschr’s record
must be considered questionable in the absence of afigure ora
specimen in his collection (GPIT) conforming to the descrip-
tion.

6. GEOGRAPHIC RANGE

Although occurring over a large area of Europe (text
fig. 97) C. (C.) subulatus is much more common in the
northern parts of the region, implying a possible temperature
dependance. StarscHr (1926) commented on the absence of
the species from the Planorbis zone of the Rhone basin,
thereby implying a northerly derivation. Except for records
from Greenland (see Section 5) there are no certain occur-
rences of C. (C.) subulatus outside Europe (cf. Section 4).
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Text fig. 97:

7. DESCRIPTION OF ECOLOGY

In the Hettangian C. (C.) subulatus occurs in sandstones in
E. France (TerQuemand PirTTE, 1865; fauna p. 87). Calcaren-
ites are the site of probable occurrences of the species in the
Planorbis zone of S. Wales (Wossrr, 1968). In S. Germany
marly limestones of the same age contain common examples
of C. (C.) subulatus (StarscuE, 1926) reaching a maximum
height of 32 mm (GPIT). The species is also common in ooli-
tic limestones of the Angulata zone and L. Sinemurian in the

Camptonectes (C.) subulatus — European distribution.

samearea. In the latter substage it attains a maximum height of
30.5 mm (GPIT) and is associated with Entoluun (E.) lunare.

tn the U. Sinemurian C. (C.) subulatus occurs in the Ob-
tusum zone chamosite oolites of the Frodingham Ironstone
(fauna p. 69) but it is greatly outnumbered by E. (E.) lunare.
In the Raricostatum zone of Yorkshire C. (C.) subulatus oc-
curs commonly in silty shales in association with Psexdopec-
ten (Ps.) equivalvis, Pseudolimea, Antiquilima, Pinna,
Gryphaea, Plewromya, Procerithium, Tetrarbynchia and be-



lemnites (SEtiwoop, 1972). E. (E.) lunarve is quite rare.
Numbers of C. (C.) subulatus are particularly high in the vi-
cinity of large Pinna. A similar association characterises the
Jamesoni zone (L. Pliensbachian) of Yorkshire and the
U. Sinemurian/L. Pliensbachian sequence in S. Germany
where C. (C.) subulatus reaches a maximum height of
37.5 mm (GPIT). In sediments of the same age but with a
somewhat restricted benthos (mainly consisting of proto-
branchs, Irzoceramus and Oxytoma [Seriwoob, 1972]) in
Dorset, C. (C.) subilatus is rare.

C. (C.) subulatus occurs commonly in shales of the Mar-
garitatus zone (U. Pliensbachian) in Yorkshire where E. (E.)
lunare is rare. However the latter species is common and C.
(C.) subulatus is rare in U. Pliensbachian sandstones and
ironstones. The maximum height attained by C. (C.) sub-
ulatus i the substage 1s 42 mm (GPIT).

Sparse records from the U. Toarcian of Germany (see Sec-
tion 5) are from grey marlstones containing a somewhat re-
stricted benthic fauna in which C. (C.) subulatus attains a
maximum height of 52.5 mm (Starscue, 1926).

The species is unknown in the low salinity marginal marine
deposits of the Hettangian in N. W. Germany (HUCkrIEDE,
1967) and W. Portugal (Boim, 1901) and does not appear un-
til the Raricostatum zone (U. Sinemurian) in the transgressive
sequence of the Lossiemouth borehole (Berrince and
Iviny-Cook, 1967). However, Lunpcren (1881) records the
species from paralic cyclic sediments in the Hettangian of
Scania although it is not clear whether the species occurs in
anything but the most fully marine beds. C. (C.) subulatus is
not recorded commonly in the area until the L. Sinemurian
when conditions were continuously marine (TROEDSSON,
1951).

C. (C.) sutbulatus 1s not known to occur commonly other
than in the examples discussed above. However, isolated
specimens are widely recorded (text fig. 97).

8. INTERPRETATION OF ECOLOGY

Apart from an apparent abhorrence of the soupy substrates
and low oxygen tension associated with bituminous shale de-
position (indicated by the absence of the species from the
L. Toarcian of Europe) C. (C.) subulatus seems to have been
a curytopic species with respect to substrate. However,
abundance data indicates a definite preference for argillaceous
substrates at least after the L. Sinemurian. Since this is essen-
tially the reverse of the pattern exhibited by Entolium (E.) lu-
nare 1t is possible that such niche differentiation was caused
by competition, perhaps for juvenile attachment sites, be-
tween earlier, more eurotypic representatives of the species.

There is little evidence to suggest that C. (C.) subulatus
could tolerate the high stress environments associated with
low or fluctuating salinity. The scarcity of the spectes 1n sedi-
ments where the faunal diversity is only somewhat reduced
suggests that C. (C.) subulatus could only thrive in the most
stable environments. However, in these cases the absence of
Pinna, which by its frequent association with C. (C.) sub-
ulatus may have served as a byssal attachment site (see Sec-
tion 9), could be the cause of the scarcity of the species rather
than any intolerance of slightly increased stress.

f13

A Recent morphological analogue of C. (C.) subulatus,
‘Pecten’ alcocki Swmrth, lives byssally attached to siliceous
sponges in the bathyal zone (Knupsen, 1972).

9. FUNCTIONAL MORPHOLOGY

The thin shell, low convexity and minimal ornamentation
of all examples of C. (C.) subulatis and the marked byssal
notch and small adult size of most, are paradigmatic for a bys-
sally suspended mode of life (tightly fixed).

It is not clear at what size, if any, the Recent analogue
‘P.” alcocki loses the ability to attach by a byssus. However,
late populations of C. (C.) subulatus, reaching a maximum
height of over 50 mm, must be near the upper limit for this
mode of life and may have been forced to recline in the later
stages ol ontogeny.

Ontogenetic increase in umbonal angle probably factlitated
escape from predators by swimming at even the largest sizes.
in spite of the juxtaposition of radial and divaricate elements
in the shell, strength and stffness must have been very low,
thus itis extremely doubtful whether C. (C.) subulatus could
have resisted attempted predation by means of a ‘siege’ policy.

10. ORIGINS AND EVOLUTION

StarscHE (1926) considered that forms referable to C. (C.)
subulatus were derived from Chlamys trigeri (a possible
synonyni, see Section 4) in the Planorbis zone. He believed
the latter species to be synonymous with ‘Pecten’ simplex
WinkLER (1861), aspecies from the Késsen Beds (U. Trias) of
Bavaria. However, *P.” simplex has strong radial ornament
and 1s unlikely to have close affinities with C. (C.) subulatus.
A more likely ancestor for the latter 1s ‘Pleuronectites’

laevigatis SCHiOTHEIM, a smooth species, common in the
M. Trias.

There appear to be no morphological trends in C. (C.) sub-
ulatus apart from a general increase in maximum height from
32 mm (Hettangian) to 30.5 mm (L. Sinemurian)to 37.5 mm
(L. Pliensbachian) to 42 mm (U. Pliensbachian) to 52.5 mm
(U. Toarcian). This, together with a narrowing of the range
of favourable substrates, probably indicates the prevalence of
‘K’ selection (Gourp, 1977).

The post U. Toarcian extinction of C. (C.) subulatus may
have been caused by the widespread development of shallow
water [acies over N. Europe, producing unfavourable condi-
tions for late representatives of the species.

Camptonectes (Camptonectes) anritus (SCHLOTHEIM 1813)
PL. 3, Figs. 25-40; text figs. 98-107

Synonymy

1676 Pectinites; PLOT, p. 104, pl. 4, fig. 11.
1678 Pectimtes; LISTER, pl. 9, fig. 51.
1813 Charutes anritus sp. nov; SCHLOTHEIM, p. 103.

v¥ 1818 Pecten lens sp. nov; ]. SOWERBY, p. 3, pt. 205,
figs. 2, 3.

v 1818 Pecten arcuata sp. nov; J. SOWERBY, p. 4, pl. 205,
figs. 5. 7.

1822 Pecten Maltonensis sp. nov; YOUNG and BIRD,

p. 235, pl. 9, fig. 1.
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Text fig. 98:  Camptonectes (C.) auritus — height/length.
v 1833 Pecten comatus sp. nov; MONSTER in GOLDFUSS, non 1[853 Pecten arcuatus ]. SOWERBY; MORRIS and LYCETT,
p- 50, pl. 91, figs. 5a, 5b. p- 11, pl 1, fig. 18.
1939 Pecten Buchi sp. nov; ROEMER, p. 27, pl. 13, 1853 Pecten Saturnus D’ORBIGNY; CHAPUIS and DE-
figs. 8a, 8b. WALQUE, p. 215, pl. 29, fig. 4.
1939 Pecten lens J. SOWERBY; ROEMER, p. 27. v 1858  Pecten lens J. SOWEFRBY; QUENSTEDT, p. 322,
1839 Pecten Dechem sp. nov; ROEMER, p. 28, pl. 18, pl. 44, fig. 12, p. 354, pl. 46, fig. 20, pl. 48, fig. 8,
fig. 25. p. 432, pl. 59, fig. 4 (non pl. 59, fig. 3).
1839 Pecten arcuatus J. SOWERBY; BEAN, p. 60. 1860 Pecten lens J. SOWERBY; COQUAND, p. 70.
1839 Pecten lens ]. SOWERBY; BEAN, p. 60. 2 1862 Pecten Delessei sp. nov; ETALLON in THURMANN
21843 Pecten lens ]. SOWERBY; QUENSTEDT, p. 337. and ETALLON, p. 266, pl. 37, fig. 6.
1850 Pecten Lusitanicus sp. nov; SHARPE, p. 189, 1862 Pecten Parandiers sp. nov; ETALLON in THUR-
pl. 24, fig. 3. MANN and ETALLON, p. 266, pl. 37, fig. 6.
1850 Pecten Saturnus sp. nov; D'ORBIGNY, v. I, p. 284 non 1863 Pecten Midas D'ORBIGNY, DOLLFUS, p. 79,
(BOULE, 1910, v. 5, p. 69). pl. 14, figs. 1-3.
v 1850 Pecten Midas sp. novi D'ORBIGNY, v. 2, p. 54 1864 Pecten lens J. SOWERBY; V. SFEBACH, p. 99.
(BOULE, 1932, v. 21, p. 12, pl. 2, figs. 3-6). 1864 Pecten comatus NIUNSTER; V. SEEBACH, p. 99.
non 1853 Pecten lens J. SOWERBY; MORRIS and LYCFTT, 1866 Pecten morini sp. nov; DE LORIOL in DE LORIOL

p.- 11, pl. 2, fig. 1.

and PELLAT, p. 107, pl. 10, fig. 6.
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v* 1926

pv 1926
vnon 1926

v¥ 1926

Pecten validus sp. nov; LINDSTROM, p. 15, pl. 3,
figs. 5, 6.

Pecten lens ]. SOWERBY; LAUBE, p. 12.

Pecten aratus sp. novi WAAGEN, p. 630, pl. 31,
fig. 3.

Pecten lens J. SOWERBY; TERQUEM and JOURDY,
p. 128.

Pecten Nitescens sp. nov; PHILLIPs, p. 330, pl. 15,
fig. 2.

Pecten Midas D’ORBIGNY; DE LORIOL et al.,
p- 389, pl. 22, figs. 12, 13.

Pecten subvitreus sp. novi; GEMMELLARO and Di
Brasi, p. 122, pl. 3, figs. 11, 12.

Pecten midas D’ORBIGNY ; DE LORIOL and PELLAT,
p. 193.

Pecten Etalloni sp. nov; DE LORIOL in Dt LORIOL
and PELLAT, p. 197, pl. 22, figs. 8, 9.

Pecten lens J. SOWERBY; BRANCO, p. 110.

Pecten midas D’ORBIGNY; DAMON, pl. 17, fig. 4.
Pecten Clypeatus sp. nov; WITCHELL, p. 131,
pl. 5, figs. 1a, 1b.

Pecten gracilis sp. nov; ALTH, p. 294, pl. 21,
figs. 15, 16.

Pecten lens J. SOWERBY; LAHUSEN, p. 23, pl. 2,
figs. 1, 2.

Pecten trifornmis sp. novi WHIDBORNE, p. 502,
pl. 16, fig. 3.

Pecten Nexmayri sp. nov; DE GREGORIO, p. 15,
pl. 2, figs. 5, 6.

Pecten anughus sp. nov; DE GREGORIO, p. 10,
pl4, figs. 12a—c.

Pecten lens J. SOWERBY; SCHLIPPE, p. [28.

Pecten lens J. SOWERBY; TAUSCH, p. 13, pl. 7,
fig. 9.

Pecten Nais sp. nov; DE LORIOL, p. 310, pl. 33,
figs. 3, 4.

Pecten Letteront sp. nov; DE LORIOL in DF LORIOL
and LAMBERT, p. 140, pl. 10, fig. 8.

Pecten Buch: ROEMER; DE LORIOL, p. 53, pl. 6,
fig. 7.

Pecten cf. lens J. SOWERBY; SEMENOW, p. 6+4.
Pecten lens J. SOWERBY; GREPPIN, p. 129.
Chlamys lens (J. SOWERBY); COSSMANN, p. 170.
Pecten (Camptonectes) arcuatns J. SOWERBY;
KILIAN and GUEBHARD, p. 758.

Pecten (Camptonectes) lens J. SOWERBY; KILIAN
and GUEBHARD, p. 758.

Pecten lens J. SOWERBY; DENINGER, p. 454.
Camptonectes lens (J. SOWERBY); LISSAJOUS,
p. 363, pl. 10, fig. 6.

Pecten lens J. SOWERBY; KRENKEL, p. 296.
Camptonectes aalensis sp. nov; PARIS and
RICHARDSON, p. 523, pl. 14, figs. 3a, 3b.

Pecten lens J. SOWERBY; BORISSIAK and 1VANOFF,
p- 19, pl. 1, figs. 3,6, 7,9, 11.

Camptonectes lens (J. SOWERBY); LISSAJOUS,
p. 165.

Camptonectes cf. bellistriatis (MEEK); MCLEARN,
p. 47, pl. 5, figs. 4, 5.

Camptonectes sp; MCLEARN, p. 47, pl. 5, fig. 6.
Pecten lens J. SOWERBY; READ et al., p. 80.
Pecten (Camptonectes) lens ]. SOWERBY; DUBAR,
p- 285.

Camptonectes lens (J. SOWERBY); ROMAN, p. 175.
Camptonectes psilonoti sp. nov; STAESCHE, p. 74,
pl. 3, fig. 2.
Camptonectes lens
p. 76, pl. 2, fig. 8.
Camptonectes lens var. annulatus (J. DE C. SOW-
ERBY); STAESCHE, p. 79, pl. 3, fig. 12.
Camptonectes giganteus sp. nov; ARKELL, p. 544,
pl. 33, fig. 1.

(J. SOWERBY); STAESCHE,

v 1930a
v¥ 1930a
pvnon 1931a
21931
1931

p 1934
non 1934
1935

v 1936
non 1936
1936

? 1936
1936

1936

1939
non 1941
? 1951
1952
1952

? 1953
1953
21957
1961

v 1963
? 1964

1965
? 1966

? 1974
1974
1975

1975
1977

v 1978
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Camptonectes lens (J. SOWERBY); ARKELL, p. 94,
pl. 7, fig. 1, (1931a) pl. 9, figs. +-7.

Camptonectes sandsfootensis sp. nov; ARKELL,
p- 101, pl. 8, fig. 3.

Chlamys (Aequipecten) muidas
ARKELL, p. 115, pl. 11, figs. 17-21.
Pecten (Camptonectes) cf. lens ]. SOWERBY; SOKO-
LOV and BODYLEVSKY, p. 55, pl. 4, fig. 7.

Pecten (Aequipecten) validus LINDSTROM; SOKO-
LOV and BODYLEVSKY, pp. 58, 59, pl. 3, figs. 1, 2.
Pecten (Camptonectes) lens ]. SOWERBY; STOLL,
B 22

Pecten (Camptonectes) lens var. annulatus ]. DE
C. SOWERBY; STOLL, p. 22.

Pecten (Camptonectes) aff. lens ]. SOWERBY;
SPATH, p. 56.

Camptonectes lens (J. SOWERBY); DECHASEAUX,
p. 30, pl. 4, figs. 11, 14 (non figs. 9, 9a).
Camptonectes lens var. exaratns (TERQUEM and
JOURDY): DECHASEAUX, p. 30.

Camptonectes Maretr sp. nov; DECHASEAUX,
p. 37, pl. 5, figs. 8-10.

Camptonectes aalensis PARIS and RICHARDSON;
WANDEL, p. 480.

Camptonectes mormni (DE LORIOL); SPATH, p. 105,
pl. 41, ligs. 5, 6.

Camptonectes suprajurensis (BUVIGNIER); SPATH,
p. 106, pl. 41, figs. 24, pl. 42, fig. 9, pl. 43, fig. 4
(?BUVIGNIER sp.).

Camptonectes lens (J. SOWERBY); STEFANINI,
p. 173, pl. 99, fig. 12.

Pecten (Camptonectes) lens J. SOWERBY; LEANZA,
p- 173, pl. 10, figs. [, 2.

Chlamys terpunctata sp. nov; TROEDSSON,
p. 214, pl. 20, fig. 18.

Camptonectes auritus (SCHLOTHEIM); COX, p. 23,
pl. 2, fig. 6.

Camptonectes lens (J. SOWERBY); MAKOWSKI,
p- 17. g
Camptonectes grandis (HECTOR); MARWICK,
p- 100, pl. 4, figs. 6, 7.
Camptonectes giganteis
p- 70, pb. 15, fig. 1.
Camptonectes  bellistriatus
p- 21

Camptonectes cf. anrtus (SCHLOTHEIM); HAY-
AMI, p. 319.

Camptonectes sp; KIRKALDY, p. 129.
Camptonectes stygins (WHITE); IMLAY, p. 25,
pl. 2, figs. 1-10.

Camptonectes auritus (SCHLOTHEIM); COX, p. 54.
Camptonectes lens (J. SOWERBY); BEHMEL and
GEYER, p. 28.

Camptonectes bellistriatus (MEEK); R. WRIGHT,
pp. 428, 430.

Camptonectes greenhoughi sp. nov; SKWARKO,
p- 80, pl. 26, figs. 11, 13-17.
Camptonectes  sandsfootensis
p.217.

Camptonectes gigantens ARKELL; SYKES, p. 218.
Camptonectes (Camptonectes) niorini (DE LORIOL);
KELLY, p. 77, pl. 5, figs. 1-5, 7-9.

Camptonectes (Camptonectes) auritus (SCHLOT-
HEIM); DUFF, p. 66, pl. 5, figs. 22, 25, text. fig. 22.

(D’ORBIGNY);

ARKELL; DONOVAN,

(MEEK): FREBOLD,

ARKELL; SYKES,

Neotype of Chamites auritus SCHLOTHEIM
1813, p. 103 designated by Durr, 1978, p. 66;
BM 180525; figured Durr, 1978, pl. 5,
fig. 25; Pl. 3, Fig. 25 herein; Shell-cum-
Pebble Bed (Oxfordian), Headington, Ox-
ford.
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Text fig. 99:

I. ORIGINAL DIAGNOSIS AND DESCRIPTION

None given; reference to Listir (1678, pl. 9, fig. 15).

2. DIAGNOSHS

Distinguished from C. (C.) lanunatus by the generally
finer ornament, from C. (C.) subulatns by the presence of
ornament on all parts of the disc and from C. (C.) virdunensis
by the more orbicular disc.

3. DESCRIPTION

Disc sub-ovate, higher than Jong early in ontogeny, grow-
ing allometrically to become sub-orbicular and finally sub-
ovate, longer than high (text fig. 98), near the maximum
height of 150 mm (OUM J2361). Umbonal angle very vari-
able (text fig. 99),increasing at a Jecreasing rate during on-
togeny. Dorsal margins concave, disc flanks low.
Incquilateral, anterior greater than posterior halt length;

imequivalve, low convexity, lelt valve more convex than right.

Camptonectes (C.) auritus — height/umbonal angle.

Intersinal distance variable, greater in left valve than right,
apparently increasing with respect to length at a slower rate in
U. Jurassic ¢f. M. Jurassic representatives (text figs. 100,
101). Byssal notch depth variable, moderate to large (text
fig. 102), increasing isometricallv.

Auricles well demarcated from disc, vartable m size, an-
tertor larger than posterior. Anterior auricle ot right valve
meeting hinge line and disc at about 90°. Other auricles meet-
ing hinge line at an obtuse angle and disc at an acute angle. All
auricles ornamented with fine comarginal striae. Posterior au-
ricle of right valve also bearing divaricate striae.

Height of anterior auricle and length of anterior hinge vari-
able, increasing with respect to length ata decreasing rate in all
populations (text figs. 103, 104). Length of posterior hinge
variable, increasing with respect to length at a slower rate in
U. cof. M. Jurassic representatives (text fig. 105).

Disc exterior ornamented with a variable number of fine di-
varicate striae (¢. g. PL. 3, Figs. 32, 33) increasing in number
by intercalation and rendered ‘punctate’ by the intersection of
growth hines.

Shell thickness low to moderate.
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Text fig. 100:  Camptonectes (C.) auritus — intersinal distance on left valve/length.

4. DISCUSSION

The systematics of the essentially finely-ornamented and
orbicular species of C. (Camptonectes) described above has
been the subject of much, often heated, debate. Failure to ap-
preciate the range of static, ontogenetic and ecophenotypic
variation in both ornamentation and metric proportions, al-
lied to the typological approach of early authors has led to the
designation of a plethora of specific names. The indiscrimi-
nate lumping of many of these names by early revisionists
who failed to examine type material has led to a secondary
source of confusion (see ArkrrLL, 1930a for a review). How-
ever, later revisionists have also been lamentably at fault in
their failure to unite stratigraphically separated but mor-
phologically indistinguishable forms. The resultis almost un-
paralleled nomenclatural chaos.

Minor differences in metric proportions of early and later
populations (see Section 3) of individuals whose ornament is
within the range defined by PIL. 3, Figs. 32, 33, can be ex-
plained as the result of phyletic neoteny (see section 10), since

there is no evidence for the existence of separate lineages.
Similarly the availability of an explanation in terms of stunting
(see Sections 8, 10) does not favour the recognition of certain
localised populations, typified by alow H/UA ratio, as sepa-
rate species. ‘Ecophenotypic’ rather than ‘genetic’ variation
can also be held to account for the existence of specimens with
relatively strong comarginal ornament (Pl. 3, Fig. 31) and
specimens with the median sector of the shell unornamented
(P1. 3, Fig. 38). The former is probably the result of some en-
vironmental disturbance (as might be caused by tides, storms
or attempted predation) interrupting the normal pattern of
growth (CLark, 1974) while the latter is almost certainly the
result of abrasion since it is confined to those parts of the shell
which have been exposed to the environment for the longest
period. Moreover in paired valves it is invariably the right
valve (which was almost certainly in contact with the sub-
strate and therefore subject to the most abrasion) which ex-
hibits reduced ornamentation.

The framework of variation erected above is the basis for
the following taxonomic discussion.
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Text fig. 101:  Camptonectes (C.) anritus — intersinal distance on right valve/length.

Type specimens which are inseparable from the species de-
scribed in Section 3 by metric criteria are: —
1. The syntypes of ‘Pecten’ lens |. Sowrrsy (BM 180525,
43326; PL. 3 Fig. 25).
2. A syntype of ‘P.” arcuata ]. Sowrrey (BM L80528;
Pl. 3, Fig. 30).
3. The sole observed type of ‘P.° comuatis MOUNSTER
(BSPHG AS VI 634; PL. 3, Fig. 27).
4. The sole observed syntype of ‘P.” aratus Wascen
(BSPHG AS XXII 32; PL. 3, Fig. 34).
5. The sole observed type of *P." Letteroni pe Lowriol
(MNS B03988; Pl. 3, Fig. 28).
6. The sole observed syntype of Camptonectes aalensis
Paris and Richarbson (BM L41942; PL. 3, Fig. 40).
7. The holotype (M) of C. Psilonoti Starscue (GPIT).
8. A syntype ol C. gigantens Arkrir (OUM ]2359).
Figures of type and original specimens indistinguishable by
metric criteria from the species described in Section 3 are
those of: -

9. Pectirites PLoT.

10. ‘P.” Decheni Rorvier.

V1. P.” Lusitanicus SHARPE.

12. P> Midas v’OrsioNy (Bourr, 1932).

13. “P.° Parandieri EraLion.

14, “P.” morini p+ LORIOL.

15. ‘P.” Etalloni vE Lorior.,

16. “P." graalis Avth.

17. “P.” Nais pr Lorior.

18. C. sandsfootensis ARKELL (paratypes: OUM ]2360,
12361).

19. C. Muairer DecHAsEAUN.

20. C. suprajurensis (BUVIGNIER); SPATH (see p. 131 for a
discussion of BUVIGNIER’s species).

Of theabove species, numbers 4, 6,7, 8,9, 13,16 and 18 re-
fer to specimens which are unornamented in the median sec-
tor of the shell while 19 refers to a specimen with strong co-
marginal ornament, both of which characteristics are consid-
cred to be features of ‘ecophenotypic’ variation (see above).
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Text fig. 104:

The remaining measured species exhibit the typical ornament

of the species described in Section 3. Arkrit (1926) considered

that large size (H: = t25) was sufficient ground for erect-

ing C. gigantens (8) but the presence of intermediate sized
specimens (text fig. 98) belies this reasoning. The abnormally
high H/UA ratio considered bv ArnrLr (1930a) to be distine-
tive of C. sandsfootensis is merely the result of incorrect meas-
urement. The original figure yields a value (H: 123, UA:
~ 145) well within the range of text fig. 99 projected to larger
sizes.

The original figure of *P." Delessei Eratron (21) is insepar-
able from the species described in Section 3 by L/AH, L/PH,
L/I; and L/HAA but the anomalously high H/L and H/UA
suggest that it may be equivalent wo C. (C.) suprajurensis.
‘P.” subvitrens Gevmriraro and Di Biasi (22) has an anomal-
ously low H/UA but this could well be due to imprecise meas-
urement by the authors of the species. H/L and L/AH of the
original figure is inseparable from the species described in Sec-
tion 3. The figure of ‘P.” Buchi Roever apprently depicts a
left valve which has been reversed through the process of
prinung from a copper engraving. Further inaccuracies in re-
production may account for the seemingly high H'UA and
L/AH (23) of a specimen whose ornament and other metric
proportions are indistinguishable from the species described
in Section 3.

Species for which types and figures are either unavailable or
of insufficient quality for measurement are considered below.

Camptonectes (C.) auritus — anterior hinge length/length.

C. cf. bellistriatus (Mern); McLEarN and C. sp; MCLEARN
from N. America have ornament which is within the range
defined by PI. 3, Figs. 32, 33. However, a specimen referred
to the former species (BM L58934) from the Oxfordian of
Wyoming has an exceptionally low H/UA (24) thus it may be
that finely ornamented N. American C. (Camptonectes) are
specifically distinct. C. grandis (Hector); Marwics from
N. Zealand is indistinguishable on the basis of ornament but
is reported to have only a small byssal notch. Although the
size of the latter is variable in the species described in Sec-
ton 3 it seems unwise at present to synonyrmise the species.

‘P triformis Wrmeornt (holotype BM L73166; DL 3,
Fig. 35), ‘P." mtescens Prinies and C. stygues (Waire); Iv-
LAy are characterised by alack of ornament in the median shell
sector, which may be considered an aspect of ‘ecophenotypic’
variation (see above). C. stygins is however derived from
N. America and therefore cannot be certainly synonymised
with the species described in Section 3 (see above).

Boute (1910) considered the single type of ‘P.” Saturnus
0’ OrsieNy in the MNO to be specifically indeterminate and
created a neotype from the specimen figured in Crapuis and
Dewarour (1853). The general form and ornamentation of the
latter is indistingusihable from the species described in Sec-
tion 3 as are the original figures of ‘P." Maltonensis YounG
and Birp, ‘P.” Newmayri bF GREGORIO, ‘P." anughus vF GRE
Gorio and  C. greenhought  Skwarko, the syntypes of
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Text fig. 105:  Camptonectes (C.)

‘P.” Clypeatus Wirtcnrit (BM L17536; PL. 3, Fig. 37),and the
originals of C. sp. Kirkatpy (OUM J17551-3).

‘P.” validus LinpstrOM from the Kimmeridgian is appar-
ently a worn example of the species described in Section 3.
The general shape and large size (H: 125) allow only that it
might be a representative of C. (Camptochlamys) obscurus.
Sokorov and Bobyievsky (1931) have applied LinpstroM’s
specific name to forms which undoubtedly belong to the
former species. Chlamys interpunctata TROEDSSON 1s reported
to possess ‘Camptonectes-ornament’ but since it is derived
from the L. Lias it may be a well preserved representative of
C. (C.) subulatus. Benwrr and Gryer’s (1966) unillustrated
record of ‘P." lens from the Lias seems to refer to a genuine
example of the species described in Section 3. Unillustrated
Bathonian records of J. Sowersy’s species (1) (QUENSTEDT,
1843; Terouen and Jourpy, 1869; ScHrippk, 1888; SEMENOW,
1896; GrerpiN, 1898; Cossmany, 1900; Kirian  and
GuUEBHARD, 1905; DENINGER, 1907; Lissajous, 1923: Ronmaxn,
1926) must be treated with great caution because of the possi-
bility of confusion lor the much more common Bathonian
species C. (C.) lammatus. Prior to ArkeLr’s (1930a) descrip-
tion and illustration of J. and ]J. b C. Sowrrey’s types
‘P.” lens was interpreted very broadly. Thus StaescrE (1926)
not only included forms referable to C. (C.) Liminatus within
his hypodigm for C. lens (not the figured specimen) but also
regarded forms which the present author places in C. (Canip-
tochlamys) obscurus as being separable from C. lens only at
the varietal level (see p. 137 for a discussion of this and other
‘varieties” of ‘P.” lens). Morris and Lycerr (1853) also misin-
terpreted J. SowersY’s hypodigms in assigning coarsely or-
namented Bathonian specimens (= C. (C.) laminatus) to
‘P.” lens and ‘P.” arcuatus (2) while Quenstent (1858, pl. 59,
fig. 3) included a specimen with radial striae (= C. (Cc.) obs-
curus) within his hypodigm for ‘P." lens.

Even following ArkeLL’s revision, ]. Sowersy’s hypodigms
have been misinterpreted. Thus Lranza (1942) refers to
‘P.” (C.) lens a specimen from the Lias of Argentina which

auritus — posterior hinge length/length.

has radial rather than divaricate striae and an abnormally high
H/UA (25). A Bathonian specimen (pl. 4, figs. 9, 9a) referred
to C. lens by Decrasraux (1936) has the coarse ornament of
C. (C.) Lamunatus although another (pl. 4, fig. 11) appears to
be a genuine example of C. lens. Specimens from the Bath-
onian referred to ‘P.’ (Camptonectes) lens by Stori(1934)
very probably belong in C. (C.) laminatus.

Other secondary references to synonymous species which
are based on specimens which may be outside the range of the
spectes described in Section 3 include ‘P.” lens J. Sowrrsy;
Lanusen and *P.” (C.) of. lens ]. Sowersy;
Boprrevsky (both based on specimens with strong comarginal
ornament which may belong in C. (Cc.) obscurus), ‘P.” (C.)
arcuatus ]. Sowersy; Kitian and GuesHarD (based on unfig-
ured Bathonian specimens probably referable o C. (C.)
laminatus) and C. aalensis Paris and RicHARDSON; WaNDFL
(based on a specimen (26) with abnormally high H/UA). The
specimens referred to 0’OrsicNY’s species P. Midas (12) by
Dotvrrus (1863), Damon (1880) and Arkerr (1931a) are clearly
representatives of late populations of Radulopecten fibrosus.
With the evident possibility of confusion inadequately
characterised references to D’ ORrBIGNY’s species in DE LorioL
et al. (1872) and pr Lorior and Periat (1875) cannot confi-

SoroLov and

dently be synonymised with the species described in Sec-
tion 3. The specimen ligured as ‘P.” Buchi Roevir by DE
Lorior (1894) has an abnormally high H/UA (27) and is refer-
able to C. (C.) virdunensis.

ScHLOTHEIN's  (1813)  ‘Chamutes’
founded on the figure of Pectinites in Lister (1678), itself a

auritus, which  was
copy of the figure (discussed above) in PLot (1676), provides
the earliest available specific name for the species described in
Section 3. Durr (1978: 66) has designated an appropriate
neotype. In the interests of brevity secondary references to
synonymous species are excluded from the synonymy except
where they differ from the original hypodigm or are of relev-
ance to Sections 5-10. Further citations may be traced either
directly or through svnonymy lists in v. Zieten (1833),
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Text fig. 107:  Camptonectes (C.) anritus — World distribution (Callovian reconstruction).

Rorvrr (1836), v. Bucu (1839), Bronw (1852), QUENSTEDT
(1852), OrreL (1858), CoNTEIEAN (1859), WAAGEN (1867), DF
Loriot and Prrrat (1875), WHiDBORNE (1883), FIEBFLRORN
(1893), Parona (1895), Cossman~ (1914), Paris and RicHarD-
SON (1916), LEwinsa1 (1923), Starscut (1926), ArRkerL (1930a),
DrcHasraux (1936) and Durr (1978).

5. STRATIGRAPHIC RANGE

The carliest record of C. (C.) anritus is a single specimen
from the Planorbis zone (Hettangian) of S. Germany
(Starscre, 1926). Specimens from the L. Lias of Sweden
(TrorDssoN, 1951) and the M. and U. Lias of Spain (BEHMEL
and Gryrr, 1966) may be conspecific and specimens from un-
differenniated Lias in the Alps (TauvscH, 1890) are almost cer-
tainly conspecific (see Section 4). A number of examples,
reaching a maximum height of 33 mm, are preserved on a
block from the Posidonienschiefer (L. Toarcian) of S. Ger-

many (BSPHG) but onlv one specimen from Northants (BM
L89415; Pl. 3, Fig. 36) is recorded in the U. Toarcian.

The species becomes locally very common in the Aalenian
and Bajocian butis exceedingly rare in the Bathonian. The fol-
lowing Bathonian specimens in the BM are probably referable
to C. (C.) auritus: L24155, 124156, L7436+, 176505 and
1.97129. Probable Bathonian records from France (De
cHASEAUY, 1936) and Greenland (Donovan, 1953) together
with a number of dubious records are discussed in Section 4.

In suitable facies C. (C.) auritus is found in all stages to the
Tithonian and Kriiy (1977) records the species from the
Ryazanian stage in the Cretaceous of E. England.

6. GEOGRAPHIC RANGE

C.(C.) anritus is much more common in the northern parts
of the European region (text fig. 106) but thisis probably are-



flection of the northerly distribution of the appropriate factes
(see Section 8) rather than an indicaton of a temperature de-
pendance. Outside Europe (text fig. 107) the species has a
palaeolatitudinal range of about 150° (maximum of 100°
[Kimmeridgian] in any one stage). After the L. Jurassic C.
(C.) auritus appears to have attained an almost worldwide
distribution although there are doubts about records from
N. America and the E. Indies (see Section 4) and no known
occurrences in S. America. The fact that C. (C.) auritus is
only known from one locality (E. Greenland; Dovovax,
1953) in the Bathonian outside Europe makes it implausible to
atrribute the extreme rarity of the species at that time within
Europe (see Section 5) to a migration elsewhere.

7. DESCRIPTION OF ECOLOGY

C. (C.) auntus occurs in a wide variety of facies in the
Aalenian of Europe. It is particularly common in the North-
ampton Sand Ironstone (Opalinum zone), a chamosite oolite
containing a diverse fauna (see p. 26). It is also common in
oolitic and pisolitic limestones of the Murchisonae zone in the
Cotswolds where it reaches a maximum height of 52 mm
(OUM J1913).

In the Bajocian of Yorkshire the species occurs abundantly
at certain impure limestone horizons in the Scarborough
Formation. The fauna is restricted (dominated by Gervillella
together with  Cucullaea, Astarte, Cloughtonia and
Psendomelania) and C. (C.) anritus is characteristically small
(maximum height 43 mm; YM 531a) and has a low H/UA
ratio. In the Millepore Bed, a sideritic sandstone with a more
diverse fauna (the above together with Trigoma,
Pholadomya, bryozoa, crinoids and regular echinoids), C.
(C.) auritiss is less common but reaches 2 maximum height of
72.5 mm (YM 531a). Similarly large sizes are reached by the

species in the fully marine Bajocian deposits of S. Germany.

The species is extremely rare in the Bathonian (see Sec-
tion 5), when C. (C.) laminatus is common, and is also rare
in the argillaceous facies widely developed in the Callovian.
However, in more littoral shallow water facies such as the
limestones and sandstones of Yorkshire (U. Cornbrash, Kel-
laways Rock, Hackness Rock), Scotland (Brora Roof Bed),
Poland and the Baltic Region C. (C.) anritus is locally com-
mon and reaches a maximum height of 61 mm (MNO 3399).

In the Oxfordian the species is found in a variety of shallow
water, level bottom environments but appears to show a pre-
ference for oolites (e. g. Malton Oolite, Yorkshire). Contrary
to ARKELL’s opinion (1930a) the species is seldom abundant as
is demonstrated by the fact that it contributes to none of the
trophic nuclei of the benthic faunal associations studied by
Forsic (1977). Oxfordian C. (C.) auritus is always found
with a high diversity fauna and the maximum height attained
is 150 mm (OUM ]2361).

The species is not common in the L. Kimmeridge Clay
(Kimmeridgian) but in the more marginal sandy facies de-
veloped in the upper part of the formation (M. Tithonian) in
England (Hartwell Clay) and N. W. France (Assises de Crof)
it is locally abundant. Maximum size (H: 3+, BM 1.35267) 1s,
however, small and the H/UA ratio is generally low. /n-
operna is a particularly common faunal associate.
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In the U. Tithonian C. (C.) auritus accurs in algal lime-
stones (Townson, 1971) in Portland and the Boulonnais where
it reaches a maximum height of 26 mm (BM L52436). The
species is rare in more open marine deposits where C. (Canip-
tochlantys) obsciris 1s common.

A few specimens are recorded from the Purbeck beds near
Oxford (Kirkarpy, 1963).

The above description concentrates on the common and
unusual occurrences of C. (C.) auritus. Specimens may in fact
be found at almost all horizons in the M. & U. Jurassic of
Europe. Notable exceptions, additional to those discussed
above and in Section 5, are the Oxfordian-Tithonian coral
reef facies of central and southern Europe, where almost all
specimens of C. (Camptonectes) are referable to C. (C.) vir-
dunensis (see p. 13t), and the deep water pelagic limestone
facies of the M. and U. Jurassic in the peri-Mediterranean re-
gion where there 1s only one doubtful record (GevivELLARO
and D1 Brasi, [874; see Section 4), and that from a probable
submarine high.

8. INTERPRETATION OF ECOLOGY

ltis clear from Section 7 that C. (C.) auritus was aremark-
ably eurytopic species. Although the soft or soupy substrates
characteristic of clay or limemud deposition were not appar-
ently suitable, almost all other substrates, including shifring
oolite shoals, were colonised. The species was also able to tal-
erate environments of high physical stress. Thus it is found in
Tithonian algal limestones which were probably deposited in
very shallow sub-tidal or inter-tidal situations (SeLLwoob,
1978) where exposure and wave disturbance must have been
frequent. Harram (1976) has also suggested that Canip-
tonectes was able to tolerate salinities within the upper
brachyhaline regime (24-30%%) and the occurrence of C. (C.)
anritus in the Purbeck formation, a sequence of marine, la-
goonal and freshwater beds (Avpersox and Baziry, 1971),
supports this general thesis (but see p. 113). While the records
of C. (C.) auritus are probably from the most fully marine
horizons, the lack of any other pectinids suggests that salinity
was liable to at least short-term fluctuations. Although am-
monites do occur in the Scarborough Formation the reduced
faunal diversity of the beds containing C. (C.) anritus is gen-
erally suggestive of low environmental stability, with perhaps
a higher incidence of storms being of controlling importance
rather than salinity variations. Jorpax (1971) has reinter-
preted the Kimmeridgian/Tithonian sequence of L. Saxony
in terms of increasing rather than decreasing salinity so the
lack of C. (C.) auritis suggests that eurvhalinity did not ex-
tend to a tolerance of hypersaline conditions. However,
somewhat rare occurrences of the species in bituminous shales
in the L. Toareian (see Section 5) and M. Callovian (Durr,
1978) suggest that C. (C.) auritus had some ability to with-
stand reduced oxygen tension and there is good evidence of an
ability to tolerate various temperatures (see Section 6).

Although a eurytopic species, the size, shape and numbers
of C. (C.) auritus seem to have been considerably influenced
by the environment. Open marine situations characterised by
a high diversity fauna supported small populations of large
individuals with a high H/UA ratio. Marginal marine en-
vironments with a lower diversity fauna supported larger
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populations of relanvely small individiduals with a low
H/UA ratio. Atfirst sight the correlation of size and numbers
with distance from shoreline suggests that the species could
adopt a range of adaptive strategies within the *K-r’ spectrum
to allow colonisation of both biologically accommodated and
physically controlled biofacies. However, the partern of
shape variation is not in accordance with this interpretation.
Since umbonal angle increases during ontogeny one may con-
chude that individuals with a low H/UA ratio (from marginal
marine situations) have grown more slowly, in complete con-
tradiction to the normal policy of ‘r’ strategists. This might be
explained by a strong correlation between shape and de-
velopmental stage, in which case precocious maturation and
short life span could be invoked for marginal marine popula-
tions. This hypothesis could be tested by an analysis of
growth lines. In the present absence of data for the latter and
with support for the hypothesis from the evolution of C. (C.)
auritus (see Section 10), the author prefers to adopt the view
that marginal marine populations are stunted as a result of
high environmental stress. ft is suggested that the anomal-
ously large number of individuals may be the consequence of
a reduced incidence of predation, as has been demonstrated in
Recent shallowwater communities by JAckson (1974).

A close Recent morphological analogue of C. (C.) auritus
is Cyclopecten vitrea (GMFLIN), a bathyal species (KNUDSEN,
1970). The frequent association of C. (C.) anritus with en-
dobyssate mytiloid and prerioid bivalves suggests that
Chlamys varia (Linvarus), which is found attached to the
Horse Mussel odiolus modiolus (A. Branp, pers. comm.,
1976), may be a closer Recent ecological analogue than Cy.
vitrea.

The paucity of C. (C.) asritus in open marine environ-
ments in the Tithonian may be explained by competition with
C. (Camptochlamys) obscurus, which is common in such en-
vironments. The species are not known to coexist in numbers
at earlier horizons. The rarity of C. (C.) anritus in reef facies
inthe U. Jurassic and in all facies in the Bathonian may also be
explained by competition (with respectively C. (C.) wir-
dunensis and C. (C.) laminatus). However, the cause of the
rarity of C. (C.) auritus inthe L. Jurassic is more easily attri-
buted to the widespread development of unfavourable argil-
laceous facies than to competition with the common species

C. (C.) subulatus.

9. FUNCTIONAL MORPHOLOGY

The existence of a moderate to large byssal notch indicates
that C. (C.) auritiss was byssally attached, at least early in on-
togeny. Adult individuals, especially of later populations,
probably gained stability mainly by virtue of their relatively
heavy shells.

The thin shell, low convexity, subdued ornamentation and
ontogenetic increase in umbonal angle of C. (C.) anritus indi-
cate that swimming was a possibility. Phyletic reduction in
the rate of H/UA increase, facilitating escape from predators
by swimming at larger body sizes, is probably causally related
to a parallel increase in maximum height.

SerAcHER (1972) has suggested that the apparent difficulty
of programming the growth of divaricate ornament must im-
ply great functional significance where it is present. In this re-
spect one might argue that ‘Camptoncctes-ornament’ pro-

vides reinforcement for a thin and therefore weak shell. How-
ever, SEILACHER also argues that variability should be low in
functional structures thus the great variation in the ornament
of C. (C.) anritus presents a paradox. This could be resolved
by invoking individual adaptation and an analysis of the de-
velopment of ornament along the lines adopted for
Radulopecten vagans (see Jounson, 1981) might be used to
explore this possibility.

10. ORIGINS AND EVOLUTION

Since C. (C.) auritus is found in the Planorbis zone its ori-
gins mayv lie outside the Jurassic. True ‘Camptonectes-orna-
ment’ is however unknown in the Triassic, the striking orna-
ment exhibited bv Filopecten filosus (v. Haurr) being the
nearest approach to it (see ArLasinaz, 1972, pl. 40, figs. 1-7,
pl. 41, figs. 1-3).

tnsufficient data is available to assess the extent of phyletic
evolution within L. Jurassic C. (C.) auritus. However, in M.
& U. Jurassic representatives evolution is apparent in several
characters although the variability of the species does not
make for accurate documentation.

Oxfordian populations exhibit a slower rate of increase in
PH, t; and ty with respect to length than their Bajocian ances-
tors. In the latter at least PH/L and f; /L increase during on-
togeny thus Oxfordian populations may have evolved by the
retardation of shape development relative to size. In the ab-
sence of absolute age data it is impossible to say whether later
representatives have actually developed more slowly or sim-
ply grown faster. fn each of the preceding cases the paucity of
data from intermediate stages precludes an evaluation of the
tempo of evolution. However, data for maximum height is
available from a number of levels and seems to indicate an os-
cillatory pattern in an overall increase from Aalenian to Ox-
fordian (Aalenian, 52 mm; Bajocian, 72.5 mm; Callovian,
61 mm; Oxfordian, 150 mm). In fact the low Callovian value
may well be an artefact of the limited number of museum
specimens available for measurement from the stage thus
maximum  height could exhibit a smooth increase. The
marked reversal to the trend in the Tithonian (H gay: 34) could
also be due to limired data but is more probably the result of
stunting (through restriction of the species to high stress en-
vironments, see Section 8).

Phyletic increase in size and retardation of somatic de-
velopment are indicative of ‘K” selection (Goutp, 1977). This
provides further evidence for the view that individuals of
small size with low H/UA from marginal marine situations
are the products of stunting rather than facultative progenesis
(see Section 8). Progenesis appears to be correlated with ‘r’
selection yet even late, ‘K’ selected, populations of C. (C.)
auritus may exhibit small size and a low H/UA.

Camptonectes (Camptonectes) laminatus (J. SOwersY 1818)
Pl. 4, Figs. 10, 12-16, ?Fig. t1; text figs. 108-117

Synonymy
v 1818 Pecten laminata sp. nov; J. SOWERBY, p. 4,
pl. 205, fig. 4.
v¥ 1818 Pecten similis sp. nov; J. SOWERBY, p. 5, pi. 205,

fig. 6.




1818 Pecten rigida sp. nov; J. SOWERBY, p. 5, pl. 205,
fig. 8.
1850 Pecten Langrunensis sp. nov; D’ORBIGNY, v. 1,
p- 314 (BOuLE, 1912, p. 93).
1853 Pecten Woodwardii sp. nov; MORRIS and LYCETT,
p-8,pl. 1, fig. 20.
1853 Pecten arcuatus J. SOWERBY; MORRIS and LYCETT,
p. 11, pl. 1, fig. 18 (non J. SOWERBY sp.).
1853 Pctenlens J. SOWERBY; MORRISand LYCETT, p. 11,
pl. 2, figs. 1, 1a (non J. SOWERBY sp.).
1863 Pecten rigidus J. SOWERBY; LYCETT, p. 31, pl. 40,
fig. 16.
Pecten anguliferus sp. nov; TERQUEM and JOURDY,
p- 128, pl. 13, fig. 16.
1871 Pecten divaricatus sp. nov; PHILLIPS, p. 240,
pl. 11, fig. 29.
1883 Pecten puellaris sp. nov; WHIDBORNE, p. 501,
pl. 19, figs. 3, 3a.
1905 Pecten (Camptonectes) rigidus J. SOWERBY; KIL-
1AN and GUEBHARD, p. 758.
1905 Pecten (Camptonectes) rigidus J. SOWERBY; KIL
1AN and GUEBHARD, p. 758.
Camptonectes lens (J. SOWERBY); STAESCHE, p. 76,
pl. 2, fig. 8 (non J. SOWERBY sp.).
1932 Camptonectes rigidus (J. SOWERBY); SPATH,
p. 113, pl. 5, fig. 4, pl. 10, fig. 5.
1933 Pecten (Chlamys) curvivarians sp. nov; DIETRICH,
p- 63, pl. 81, figs. 122, 123.
v 1936 Camptonectes lens (J. SOWERBY); DECHASEAUX,
p. 30, pl. 4, figs. 9, 9a (non figs. 11, 14, non
J. SOWERBY sp.).
p 1948 Camptonectes lamnatus (J. SOWERBY); COX and
ARKELL, p. 13.
1948  Camptonectes rigidus (J. SOWERBY); COX and
ARKELL, p. 13.
1950 Camptonectes laminatus (J. SOWERBY); CHAN-
NON, p. 248.
Chlamys curvivarians (DIETRICH); COX, p. 8,
pl. 2, figs. 5, 8.
1953  Camptonectes cf. laminata (J. SOWERBY); MAR-
WICK, p. 100, pl. 10, fig. 11.
1959 Camptonectes nexpectatus sp. nov; HAYAMI,
p- 70, pl. 7, figs. 4, 5.
1961 Camptonectes rigidus (J. SOWERBY); ROss1 RON-
CHETTI and FANTINI SESTINI, p. 122, pl. 13,
figs. 1, 2.
1961 Camptonectes sp; ROss1 RONCHETTI and FANTINI
SESTINI, p. 123, pl. 13, fig. 4.
1964 Camptonectes lanunatus (J. SOWERBY); J-C.
FISCHER, p. 18.
1964 Campronectes rigidus (J. SOWERBY); J-C. FISCHER,
p- 19.
1964 Camptonectes plattessiformis (WHITE); IMLAY,
p. 26, pl. 2, figs. 11-14.
1967  Camptonectes platessiformis  (WHITE); IMLAY,
p.79, pl. 2, figs. 1, 2.
p 1978 Camptonectes lamuinatus (J. SOWERBY); BRAD-
SHAW, p. 313.

v 1869

pv 1926

-~

-~

non 1952

V)

Holotype (M) of Pecten laminata J. SOwERrBY
1818, p. 4, pl. 205, fig 4; BM 43327; Pl. 4,
Fig. 14 herein; Forest Marble (see ArkeLL,
1930a: 96) or L. Cornbrash (both Bathonian),
Chatley Lodge, Somerset.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘Spec Char. Suborbicular, depressed, striated; striae
arched, diverging: ears triangular, unequal; the largest
plaited.
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Text fig. 108:  Camptonectes (C.) lamnatus — height/length.

The striae are slightly undulated; to the naked eye they ap-
pears smooth, but when carefully examined with a lens, min-
ute lines may be traced across them. The plaits upon the ear
form a strong character, whence the name.

In shelly limestone (Cornbrash) at Chatley Lodge, in
Somersetshire.’

2. AMENDED DIAGNOSIS

Distinguished from all other species of C. (Camptonectes)
by the coarseness of the divaricate ornament on the disc and
the strength of the comarginal lamellae on the anterior auricle
of the left valve.

3. AMENDED DESCRIPTION

Essentally similar to C. (C.) auritus except for the diag-
nostic features (see Section 2), smaller maximum height
(59.5 mm, Iniay, 1964), apparent allometric decrease in N/L
(text fig. 112) and somewhat thicker shell. The remaining
metric proportions are plotted in text figs. 108-111, 113-115,
while the range of ornamental variation is depicted in PL. 4,
Figs. 10, 12-16.

4. DISCUSSION

The holotypes (M) of:

1. “Pecten’ lanunata ]. Sowersy (BM 43327; PL. 4, Fig. 14)
and
. P simulis J. Sowerey (BM 43329; Pl. 4, Fig. 12) and
the sole observed type of:
3. ‘P.’ anguliferus Terouenm and Jourpy (ENSM L334;
Pl 4, flg ]())

[

are indistinguishable from the species described in Section 3
on the basis of metric proportions and ornament. The original
figure of Camptonectes sp; Rosst RoncheTTi and FanTing Ses-
TNt (4) 1s similarly inseparable.
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Text fig. 109:

Since the number of divaricate striae increases during the
ontogeny of the species described in Section 3, species erected
for small specimens with relatively few striae (‘P.” rigidu J.
Sowrrsy, ‘P.” Langrunensis p’Orsiony, ‘P.” Woodwardi
Morkis and LyceTt, ‘P.” divaricatus Pruies, ‘P.” puellaris
WHIDBORNE) cannot be accorded a distinction.

Although not from the typical horizon of derivation
(Bathonian) there seems no reason to separate C. platessifor-
nus WHITE; Ivray (from the Bajocian of the U. S. Western In-
terior) and C. mexpectatus Havami (from the L. Lias of Ja-
pan) from the species described in Section 3. Both have the
coarse divaricate striae and auricular lamellae characteristic of
the latter species and the comarginal ornament of the disc
seems too weak to allow any possibility that C. platessiformis
and C. iexpectatus might be representative of C. (Camp-
tochlamys) obscurus.

The original figure of *P." (Chlamys) curvivarians DirtricH
depicts a specimen which resembles the species described in
Section 3 in1ts divaricate ornament and all metric proportions
apart from H/UA (5). However, Cox (1952) refers specimens
with very much stronger ornament to DieTkicH’s species and
since the stratigraphic range of the latter (Bajocian-Tithonian)
extends to considerably younger horizons than that of the

T T

T
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Camptonectes (C.) lamimatus — height/umbonal angle.

Text fig. 110:  Camptonectes (C.) laminatus — intersinal distance on

left valve/length.
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Text fig. 111:  Camptonectes (C.) laminatus — intersinal distance on

right valve/length.

species described in Section 3 it is probable that they are dis-
unct.

Of the synonymous species discussed above the earliest
available name for the species described in Section 3 is
‘P." laminata J. Sowersy. Both Cox and Arkerr (1948) and
CHaNNON (1950) refer unfigured Aalenian and Bajocian
specimens from the Cotswolds o C. laminatus. Since
J. SowrrsY’s species is extremely rare in the latter stages in
England it is likely that they in fact belong to the much more
common species C. (C.) anritus. Conversely Bathonian rec-
ords of junior synonyms of C. (C.) auritus (listed under the
latter species) in QUENSTEDT (1843), TeroUEM and JourDY
(1869), Schrippr (1888), Semenow (1896), Greprin (1898),
CossMANN (1900), Kiian and GuesHARD (1905), DENINGER
(1907), Lissajous (1923) and Roman (1926) may well refer to

Text fig. 112:  Camptonectes (C.) laminatus — depth of byssal
notch/length.
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Text fig. 113: Camptonectes (C.) laminatus — height of anterior
auricle/length.

C. (C.) lamunatus and some of the Bathonian specimens re-
ferred to junior synonyms of C. (C.) auritus (see p. 121) in
Morris and Lycrrr (1853), StarscHE (1926) and DecHASEAUX
(1936) undoubtedly belong to C. (C.) laminatus.

The original ligure of C. rigidus (J. Sowrrsy); Rossi Ron-
cHETT1 and Fanmint Sesting depicts a specimen with radial
rather than divaricate striae which is thus probably referable
to C. (Camptochlamys) clathratus rather than C. (C.)
laminatus. BrapsHaw’s (1978) inclusion of specimens with
strong comarginal ornament within C. luminatus indicates
that his hypodigm probably extended to forms which the pre-
sent author places in C. (Camptochlamys) obscurus.

5. STRATIGRAPHIC RANGE

The earliest record of C. (C.) laminatus is from the L. Lias
of Japan (Havami, 1959). Thenceforth, apart from dubious
records from the Aalenian of the Cotswolds (see Section +),
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Text fig. 114:  Camptonectes (C.) laminatus — posterior hinge
length/length.
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Text fig. 115: Camptonectes (C.) lammatus ~

anterior hinge
length/length. :

the species is unknown until the Bajocian when it is recorded
from the U. S. Western Interior (IMLAY, 1964, 1967). Only
two specimens from the Bajocian of England (BM 147437,
L41956) can be definitely referred to C. (C.) laminatus. The
species becomes common in the Bathonian but thereafter is
extremely rare. Records from New Zealand (Marwick, 1953)
and Afghanistan (Rosst RoncHETT and FanTiNg SEsTing, 1961)
may include Callovian examples while two coarsely or-
namented specimens from the Oxfordian of England (BM
1.20487; L1.8339, PL. 4, Fig. 11) may be referable to C. (C.)

laminatus.

6. GEOGRAPHIC RANGE

In Europe (text fig. 116) C. (C.) laminatus is largely re-
stricted to France and England. Elsewhere (text fig. 117) the
species is only known in numbers in the U. S. Western In-

terior. Since occurrences there (Bajocian) predate common
occurrences in Europe (Bathonian) and postdate records of
the species in Japan (L. Lias), it may be that C. (C.)
laminatus undertook an eastward migration, perhaps making
use of the marine connection between western America and
Europe which was established in Bajocian times (Harvanm,
1975a). Viewed in these terms records of the species from the
Bathonian-Callovian of New Zealand can be taken to repre-
sent a relict population.

7. DESCRIPTION OF ECOLOGY

In the Bajocian of the U. S. Western Interior C. (C.)
laminatus is the only pectinid present in limestones and shales
containing a rather restricted fauna, dominated by ‘Ostrea’
and Vaugonia. The maximum height attained is 59.5 mm (Im-
LAY, 1964).

In the Bathonian of S. England C. (C.) laminatus is re-
corded from the Minchinhampton Beds (L. Bathonian),
shelly oolites containing a diverse fauna, in which the species
reaches a maximum height of 58 mm (BM 20744). In the ap-
proximately contemporaneous Fuller’s Earth Clay on the
Dorset coast, fragments of C. (C.) Luminatus are common in
an otherwise almost monotypic bed of Praeexogyra hebridi-
ca. Inthe U. Bathonian C. (C.) larinatis occurs commonly
in the Forest Marble, a grain supported, partly oolitic lime-
stone with adominantly epibenthic fauna of oysters, Modiolus
and Epithyris. The speciesisalso found in the L. Cornbrash, a
non-oolitic,shell-fragment limestone with abundant infaunal
bivalves (Ceratomya, Plesromya) and echinoids (Holec-
typus, Nucleolites) in additon to epifaunal bivalves (En-
tolinm (E.) corneolum, Meleagrinella) and brachiopods

(Obovothyris).

In the Bathonian of central England occasional specimens
of C. (C.) lamunatus are found in paralic clay/limestone se-
quences in association with alow diversity fauna dominated by
Pracexogyra hebridica but also containing Placunopsis, Mod-
1olus, Myopholas, Cuspidaria, and Kallirbynchia (TORRENs,
1968). ]J. D. Hupson (pers. comm., 1977) has recorded a
single specimen from similar facies in the Inner Hebrides.
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Text fig. 116:

Camptonectes (C.) laminatus — European distribution.



Text fig. 117:  Camptonectes (C.) laminatus — World distribution (Callovian reconstruction).

Outside Britain the species appears to be less common but
occurs at most levels in the Bathonian. [t is not found in the
deep water pelagic limestones of the peri-Mediterranean re-
gion, the only records from the latter area being from shallow
water oolitic deposits (e. g. Kitian and Guestarp, 1905).

8. INTERPRETATION OF ECOLOGY

1t is clear from Section 7 that apart from showing a general
preference for shallow water environments, C. (C.)
laminatus was a eurytopic species. Environments supporting
adiverse fauna were preferred but in such situations both high
energy oobiosparites (e. g. Minchinhampton Beds, Forest
Marble) and lower energy biomicrites (e. g. L. Cornbrash)
were colonised. The occurrence of C. (C.) laminatus in low
diversity faunas such as in the Bajocian of the U. S. Western
Interior (lacking in Gryphaea, pholadomyoids and other pec-
tinids) and the Bathonian of the E. Midlands (lacking in
cephalopods, ectoprocts and corals) indicates a tolerance of
high environmental stress. In the former case the presence
nearby of gypsiferous deposits (Gypsum Springs Formation)
indicates that high stress was the result of hypersaline condi-
tions (Harram, 1975a). However, in the latter case the ab-
sence of evaporites suggests that high stress probably resulted
from low or fluctuating salinities. The euryhaline oyster
Praeexogyra hebridica (see J. Hunson and PaLMER, 1976) 15 a
frequent associate in the Bathonian of the . Midlands but M.
J. BrapsHaw reports (pers. comm., 1977) that C. (C.)
laminatus is only found, and then rarely, in the beds with the
greatest marine influence. The impression thus gained, that
C. (C.) laminatus was only able to withstand slightly abnor-
mal salinities, is bolstered by the extreme rarity of the species
in the Hebrides, where the Bathonian is of generally less
marine aspect, and the more frequent occurrence in the
Praeexogyra hebridica Bed in Dorset where the presence of
adherent Foraminifera (and of ammonites in the surrounding
clays) suggests nearly normal salinities (J. Hupson and
PaLmer, 1976).

The frequent association with oysters suggests that C. (C.)
laminatus may have used this group for byssal attachment.

9. FUNCTIONAL MORPHOLOGY

Since C. (C.) laminatus is in most morphological respects
identical to C. (C.) auritus a similar byssate mode of life can
be inferred. The maximum height (59.5 mm) is small enough
to suggest that the species was byssate throughout ontogeny.
However, the apparent allometric decrease in N/L may indi-
cate that the largest individuals were free living. The more
prominent ornament of C. (C.) laminatus may have resulted
in a stronger shell than C. (C.) auritus but this does not ap-
pear to correlate with any autecological differences, both
species being common in high energy environments.

10. ORIGINS AND EVOLUTION

C. (C.) laminatus almost certainly evolved from C. (C.)
anritus. The stratigraphically and geographically isolated first
occurrence of C. (C.) lamunatus (L. Lias, Japan), a subse-
quent migration (see Section 6), and the sudden appearance of
the species in Europe are classic indications of allopatric
speciation.

Since the number of divaricate striae increases during the
ontogeny of C. (C.) auritus the relatively widely spaced or-
nament of C. (C.) laminatus may be a product of hetero-
chronic retardation of the rate of ornamental development.
The appearance of auricular lamellae cannot, however, be
simply explained by heterochrony and suggests that specia-
uon involved at least some change in the structural genome.

There is no evidence for any phyletic evolution within C.
(C.) laminatus.

The decline and subsequent extinction of C. (C.) laminatus
is correlated with the reappearance in Europe of large num-
bers of C. (C.) auritus. It may be that after a phase of com-
petitive exclusion in the Bathonian C. (C.) anritus had
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evolved sufficiently (see p. 12+4) to outcompete C. (C.) lami-
natus in the Callovian and Oxfordian.

Camptonectes (Camptonectes) virdunensis (BUuviGNiER 1852)

21852
1852

? 1852
(?) 1859
? 1859
? 1862
1862

(?) 1862
? 1862
non 1866
(?) 1868
1872
1874
(?) 1875
21875
1875
1881a
1882

v 1883
1894
1903
1904

v 1905
vp 1905
v 1905
2 1914
21920

1925
1926

1930a

(?) 1935
1936

non 1936

Pl. 4, Figs. 1, 2; text figs. 118-120

Synonymy

Pecten Zieteneiss sp. nov; BUVIGNIER, p. 24, pl. 19,
figs. 24, 25.

Pecten virdunensis sp. nov; BUVIGNIER, p. 24,
pl. 20, figs. 4-6.

Pecten suprajurensis sp. nov; BUVIGNIER, p. 24,
pl. 19, figs. 21-23.

Pecten suprajurensts (BUVIGNIER); CONTEJEAN,
p- 218.

Pecten Flamandi sp. nov; CONTEJEAN, p. 312,
pl. 24, figs. 1, 2.

Pecten Delessei sp. nov; ETALLON in THURMANN
and ETALLON, p. 263, pl. 37, fig. 9.

Pecten Sableri sp. nov; ETALLON in THURMANN
and ETALLON, p. 264, pl. 37, fig. 10.

Pecten flamandi CONTEJEAN; THURMANN and
ETALLON, p. 264, pl. 37, fig. 1.

Pecten Waldeckensis sp. nov; ETALLON in THUR-
MANN and ETALLON, p. 265, pl. 37, fig. 3.

Pecten suprajurensis BUVIGNIER; DE LORIOL and
PELLAT, p. 105, pl. 10, fig. 5.

Pecten suprajurensis BUVIGNIER; DE LORIOL and
COTTEAU, p. 644.

Pecten suprajurensis BUVIGNIER; DE Loriotet al.,
p- 379, pl. 22, fig. 3.

Pecten titonius sp. nov; GEMMELLARO and D1
Brasi, p. 120, pl. 3, figs. 13-15.

Pecten suprajurensis BUVIGNIER; DE LORIOL and
PELLAT, p. 188.

Pecten Flamandi CONTEJEAN; DE LORIOL and
PELLAT, p. 194, pl. 22, figs. 6, 7.

Pecten virdunensis BUVIGNIER; DE LORIOL and
PELLAT, p. 199, pl. 22, fig. 16.

Pecten aff. tithonius GEMMELLARO and D1 BLASI,
BOEHM, p, 183, pl. 40, fig. 5.

Pecten (Camptonectes) virdunensis BUVIGNIER;
ROEDER, p. 55.

Pecten tithonins GEMMELLARO and D1 Brasi;
BOEHM, p. 605, pl. 67, figs. 21-23.

Pecten Buchi ROEMER; DE LORIOL, p. 53, pl. 6,
fig. 7 (non ROEMER sp.).

Pecten tithonius GEMMELLARO and Di Brasy
REMES, p. 201.

Pecten (Camptonectes) ledonicus sp. nov; DE LOR-
10L, p. 227, pl. 24, fig. 2.

Pecten virdunensis BUVIGNIER; PERON, p. 223.
Pecten zictenens BUVIGNIER; PFRON, p. 224,
Pecten suprajurensis BUVIGNIER; PERON, p. 229.
Chlamys virdunensis (BUVIGNIER); COSSMANN,
p-2.pl. 5, fig. 1.

Pecten tithomuns GEMMELLARO and D1 Brasiy
FAURE-MARGUERIT, p. 56.

Pecten virdunensis BUVIGNIER; ROMAN, p. 194.
Pecten tithonins GEMMELLARO and D1 Brasi;
STAESCHE, p. 82, pl. 5.

Camptonectes virdunensts (BUVIGNIER); ARKELL,
p- 99, pl. 7, figs. 5, 5a.

Chlamys suprajurensis (BUVIGNIER); SALIN, p. 140.
Camptonectes ledonicus (DE LORIOL); DECHAS-
EAUX, p. 34, pl. 5, fig. 3.

Camptonectes Zietenns (BUVIGNIER); DECHAS-
EAUX, p. 34, pl. 5, figs. 5, 6.

1936 Camptonectes Virdunensts (BUVIGNIER); DECHAS-
EAUX, p. 34, pl. 5, fig. 4.

(?) 1936 Camptonectes Flamandi (CONTEJEAN); DECHAS-
EAUX, p. 35.

(?) 1936 Camptonectes suprajurensts (BUVIGNIER); DECHAS-
EAUX, p. 36.

non 1936 Camptonectes suprajurensis (BUVIGNIER); SPATH,

p. 106, pl. 41, figs. 24, pl. 42, fig. 9, pl. 43, fig. 4.
1939 Camptonectes virdunensis (BUVIGNIER); STEFAN-
INI, p. 175, pl. 19, fig. 13.
Camptonectes (Camptochlamys) tithonius (GEM-
MELLARO and D1 BLASI); YAMANI, p. 55.

v 1975

The type material of Pecten Virdunensis
Buvicnier 1852, p. 24, pl. 20, figs. 4-6 may
be in NM. The material was derived from the
U. Oxfordian of Verdun (Meuse).
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Text fig. 118:  Camptonectes (C.) virdunensis — height/length.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘P. testa ovali — elongata, depressa, inaequivalvi, inferne
rotundata, superne acuta; concentrice et radiatim striata; striis
radiantibus arcuatis, punctulatis, striis concentricis interrup-
tis; valva sinistra convexiori; cardine recto; auriculus posticis,
brevibus, obliquis; anticis majoribus.

Longuer 29 mill., hauteur 40, épaisseur 10.

Coquille ovale allongée aplatie, inequivalve, arrondie infér-
ieurement, et (en faisant abstraction des oreillettes) se termin-
ant en pointe vers les crochets, stries rayonnantes arquées,
laissant entr’elles des cotes legerement convexes et se croisant
avec des stries concentriques, interrompues sur les cotes, et
tres-marquées dans le fond des stries rayonnantes; valve
gauche un peu plus bombée que I'autre; charniére droite;
oreillettes postéricures courtes et obliques; les antérieures
plus allongées; crochets aigus.

Des assises moyennes du coral-rag de Verdun. r.’
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Text fig. 119:  Camptonectes (C.) virdunensis — height/umbonal
angle.

2. AMENDED DIAGNOSIS

Distinguished from all other species of C. (Camptonectes)
by the consistently sub-ovate disc (H >L).

3. AMENDED DESCRIPTION

Essentially similar to C. (C.) anritus apart from the diag-
nostic feature (see Section 2), higher mean H/UA (text
fig. 119), apparently isometric growth of H/L (text fig. 118)
to the maximum height of 67.5 mm (GrumrLraro and Di
Brasi, 1874), somewhat weaker ornamentation and thinner
shell. The sub-ovate form is illustrated in Pl. 4, Figs. 1, 2.

1
10
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4. DISCUSSION

BuvieNier’s  (1852) drawings of ‘P.” Zietenens and
‘P> Virdunensis are both based on specimens derived from
U. Oxfordian reef facies. However, only that of ‘P.” Vir-
dunensis (1) definitely depicts the narrow C. (Camptonectes)
species which is common in this facies (see Section 8) and de-
scribed in Section 3. The dimensions of the figure of
P. Zieteneus (2) plot within the range of the species described
in Section 3 but the figure is an enlargement and Decraseaux
(1936), who probably had access to the original, has referred
to Camptonectes Zietenus specimens whose dimensions (3)
are comparable with C. (C.) arritus, of which they would
thus seem to be rare representatives from reef facies (see p.
123). Although Prron (1905) has applied the name
‘P.” zieteneus to specimens which are at least in part referable
to the species described in Section 3, it seems preferable to
adopt the name C. (C.) virdunensis for the latter until such
time as the type material of ‘P." Zietencus (which would have
priority asname bearer) is relocated and shown unequivocally
to be representative of the species described in Section 3. The
figure of ‘P.” suprajurensis Buvicnier (4) has metric propor-
tions within the range of C. (C.) virdunensis but like that of
‘P.” Zietenens is an enlargement. Dr Lorior and Perrat
(1866) and Prron (1905), who may have had access to the
original, have applied the specific name to specimens whose
metric proportions (5 and 6 respectively) are comparable with
C. (C.) auritus. However, DE Lorior et al. (1872) figure a
specimen which seems to be representative of C. (C.) vir-
dunensis under ‘P.” suprajurensis. With the evident possibil-
ity of confusion the systematic affinities of the type material
of ‘P.” suprajurensis and of inadequately characterised speci-
mens referred to the species in CONTEJEAN (1859), DE Lorior
and Correau (1868), pE Lorior and Prrrat (1875), SaLiN
(1935) and Decraseaux (1936) are best left an open question.
Specimens referred to C. suprajurensis by Spatr (1936) can
however definitely be placed in C. (C.) anritus (see p. 118).

‘P.> Sahleri EtaLLon, ‘P.’ titonius GemmELLARO and Dr

Brast and ‘P." ledonicus pr LorioL are inseparable from C.
(C.) virdunensis by their metric proportions (respectively 7, 8
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Text fig. 120:  Camptonectes (C.)

virdunensis — European distribution.
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and 9) and ornament. ‘P." Waldeckensis EraLLon is also in-
separable by metric proportions (10) and the apparent lack of
ornament can probably be attributed to abrasion. The original
figure of ‘P.” Flamandi Contejean has H/L (11) very similar
to that of C. (C.) virdunensis but H/UA is abnormally small.
While this might be due to inaccurate drawing the existence of
quite strong comarginal ornament in addition to divaricate
striae suggests that CONTEjEAN’S species may be referable to
C. (Camptochlamys) obscurus. Specimens figured under
‘P Flamandi by ot Loriov and Perear (1875) may have
similar affinities but those referred to CoONTEJEANS species by
Trurvan~ and Etaccon (1862) and DecHaseaux (1936) al-
most certainly belong in C. (C.) virdunensis.

‘Chlamys’ virdunensis (BUVIGNIER); COSSMANN was com-
pared with ‘P.” clathratus Romer while FAURE-MARGUERIT's
(1920) record of GEmmeLLARO and D1 BLast’s species was based
on specimens said to have ‘quadrilateral” ornament. This sug-
gests possible misapplication of these specific names to exam-
ples of C. (Camptochlamys).

The affinities of *P.> Buchi pr Lorior (non RorMEer) and
‘P.” Delessei Eration are discussed under C. (C.) auritus.

5. STRATIGRAPHIC RANGE

C. (C.) virdunensis is first recorded in the L. Oxfordian of
Alsace (Roeper, 1882). Thenceforth it is found locally unul
the U. Tithonian when it is recorded from Stramberg in
Czechoslovakia (Borrn, 18835 REmEs, 1903).

6. GEOGRAPHIC RANGE

Common occurrences of C. (C.) virdunensis are restricted
to the central and southern parts of Europe (text fig. 120)
where the appropriate reefal facies (sce Section 8) is wide-
spread. The only known occurrence of the species outside
Furope is a single specimen from the Oxfordian/Kimmerid-
gian of Somalia (StEFaning, 1939).

7. DESCRIPTION OF ECOLOGY

C. (C.) virdunensis is found commonly in the U. Oxfor-
dian coral reef facies if the Yonne (Prron, 1905), where it
reaches a maximum height of 49 mm (MNS). The diverse as-
sociated fauna is described on p. 88. Contemporaneous oc-
currences of the species in the Meuse (Buvianier, 1852) and
Jura (0 Lorior, 1894, 1904) are from similar facies.

In the Kimmeridgian C. (C.) virdunensis is found in coral
reef facies at Kelheim (Bortiv, 1881a) and reef derived facies
in the E. Paris Basin where the species reaches a maximum
height of 60 mm (NM).

In the L. Tithonian C. (C.) virdunensis is recorded from
the Nattheim and Neuburg coral reefs in S. Germany
(STAFSCHE, 19265 Yamvani, 1975). In similar facies in Sicily
(Grvvieriaro and Di Brast, 1874) the species is reported to be
common and to attain a maximum height of 67.5 mm.

In the U. Tithonian coral reef at Stramberg C. (C.) vir-
dunensis is recorded commonly by Bortm (1883).

Of the other unequivocal records of C. (C.) virdunensis

listed in synonymy only those in pr Lorior and Periat
(1875), o Lorior et al. (1872) and Arxrrr (1930a) can be

said to refer to specimens which are definitely not derived
from reef facies. In the first two cases (from the Kimmeridgian
of the Boulonnais and the ‘Portlandian’ of the E. Paris Basin
respectively) the number of specimens is indeterminate and in
the last case (U. Oxfordian, Dorset) only one specimen is re-
corded.

8. INTERPRETATION OF ECOLOGY

It is clear from Section 7 that C. (C.) virdunensis was a
highly stenotopic species, restricted to coral reef facies. As
such its palacosynecology is comparable with that of the simi-
larly restricted species of S. (Spondylopecten). Like the latter
its absence from Kimmeridgian reefs at La Rochelle may re-
late to their dense structure (see p. 88). Failure to colonise the
apparently suitable Oxfordian reefs of England may have
stemmed from an intolerance of the lower temperatures of
more northerly lautudes.

Recent low convexity, weakly ornamented, thin shelled
morphological analogues of C. (C.) virdunensis include
Chlamys marshallensis, Ch. madreporarum and Ch. ir-
regularis, all of which live byssally attached either beneath or
within coral colonies (WaLLEr, 1972b).

9. FUNCTIONAL MORPHOLOGY

Since C. (C.) virdunensis is in most morphological respects
identical to C. (C.) anritus a similar byssate mode of Iife can
be inferred. The maximum height of C. (C.) virdunensis
(67.5 mm) is considerably greater than that of the mor-
phological analogue Ch. muarshallensis (30 mm) and this
probably implies that the former did not live suspended from
a byssus when adult. Large specimens probably gained addi-
tional support from contact between the disc and corals. Such
support might have been obtained in crevices and the low
convexity, minimally ornamented shell would have been well
adapted to this microhabitat. The protection against waves
and predatory attacks afforded by crevice microhabitats
might be the reason behind the possession of only a thin, weak
shell.

The high H/L ratio of the shell renders it probable that C.
(C.) virdunensis could only have been a poor swimmer.

10. ORIGINS AND EVOLUTION

C. (C.) virdunensis almost certainly arose from C. (C.) au-
ritus, from which it differs significantly only by the greater
H/L and H/UA. Since the former ratio decreases while the
latter increases during the ontogeny of C. (C.) anritus trans-
specific evolution could have been brought about by hetero-
chrony. However, simultaneous retardation (of H/L) and ac-
celeration (of H/U A) would have had to have taken place and
itis by no means certain whether such a situation could have
occurred in a single speciation event (although Goutp (1977)
points out that more distantly related taxa may exhibitin the
descendant, features which may be attributed to both acceler-
ation and retardation of the ancestral ontogeny).

The limited number of measured specimens (30) precludes
an exact evaluation of phyletic trends within C. (C.) vir-
dunensis. However, maximum height does seem to show a
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genuine increase in the passage from Oxfordian (49 mm) to
Kimmeridgian (60 mm) to Tithonian (67.5 mm). This, to-
gether with extreme stenotopy, is good evidence for the pre-
valence of ‘K’ selection (GouLp, 1977).

Subgenus CAMPTOCHLAMYS Arkerr 1930a

Type species. OD; ARkELL 1930a, p. 102; Pecten intertex-
tus Roemer 1839, p. 27, pl. 18, fig. 23; Oxfordian, N. Ger-
many.

AMENDED DIAGNOQOSIS

Differing from C. (Camptonectes) in that weak radial rib-
lets and comarginal lamellae are present giving rise to a reticu-
late pattern of sculpture. Jur. (Aalen.-Tithon.), ?Cret., Eur.,
Asia, Afr., N. Am., ?Austr.

133

DISCUSSION

In his diagnosis HERTLEIN (1969: N352) stated that Camp-
tochlamys ranged only from the Bajocian to the ‘Portlandian’
(Tithonian) and was restricted to England. The stratigraphic
and geographic range can now be extended to that given
above. If the Cretaceous forms (see p. 136) are indeed referable
o C. (Camptochlamys) then the subgenus Boreionectes
ZakHarOv 1965 should be regarded as a junior subjective
synonym.

ArkrLL (1930a) originally created Camptochlamys as a
subgenus of Chlamys. However, Cox (1952) suggested that it
be transterred to Camptonectes because divaricate striae were
seen on aspecimen (BM L26669) of the type species Pecten in-
tertextus Roemer (= C. (Cc.) clathratus (Roemer)). The au-
thor has been unable to trace the relevant specimen and has yet
to find any further examples exhibiting divaricate ornament.
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Text fig. 121:  Camptonectes (Camptochlamys) obscurus — height/length.
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The possibility of removal by abrasion cannot, however, be

discounted.

Two groups may be distinguished in Jurassic C. (Camp-

tochlamys) on the following basis:

1. Radial striae reaching the ventral margin at all stages in

ontogeny (= C. (Cc.) clathratus).
2. Radial striae restricted to within a few cm. of the umbo
(= C. (Cc.) obscurus).

Camptonectes (Camptochlamys) obscurus (J. Sowersy 1818)
Pl 4, Figs. 17-22, 24, 25; text figs. 121-130

v* 1818

v* 1819

vt 1826a

1833

1833

1836

1837

v

1837

1850

1850

1852

1853

1853

v 1858

Rev]

1859

? 1859

1860
1861

non 1862

“~

1862

186+
(2) 1864

1866
1869

non 1872

Y]

1875

v? 1883

Synonymy
Pecten obscura sp. nov; J. SOWERBY, p. 3, pl. 205,
fig. 1.
Pecten lamellosus sp. nov; J. SOWERBY, p. 67,
pl. 239.

Pecten annulatus sp. nov; ). DE C. SOWERBY, p. 80,
pl. 542, fig. 1.

Pecten obscurus J. SOWERBY; GOLDEUSS, p. 48,
pl. 91, fig. 1.

Pecten annulatus J. DE C. SOWERBY; GOLDFUSS,
p- 49, pl. 91, fig. 2.

Pecten sublaevis sp. nov; ROEMER, p. 70, pl. 3,
fig. 16.

Pecten concinnus sp. nov; KOCH and DUNKER,
p- 42, pl. 5, figs. 4a, 4b.

Pecten concentricus sp. nov; Koct and DUNKER,
p. 43, pl. 5, fig. 8.

Pecten Germaniae sp. novi D’ORBIGNY, v. I,
p. 314,

Pecten Obrinus sp. nov; D’ORBIGNY, v. 1, p. 373
(BoutE, 1927, v. 16, p. 131, 1928, v. 17, pl. 6,
figs. 5, 6).

Pecten circinalis sp. nov; BUVIGNIER, p. 24, pl. 19,
figs. 13-15.

Pecten annulatus ]. bi C. SOWERBY; MORRIS and
LycetT, p. 12, pl. 1, fig. 13.

Pecten Germaniae D'ORBIGNY; CHAPUIS and
DEWALQUE, p. 214, pl. 29, fig.2.

Pecten lens ]. SOWERBY; QUENSTEDT, p. 432,
pl. 59, fig. 3 (non pl. 59, fig. 4, non p. 322, pl. 44,
fig. 12, p. 354, pl. 46, fig. 20, pl. 48, fig. 8; non
J. SOWERBY sp.).

Pecten Grenieri sp. novy CONTEJEAN, p. 311,
pl. 23, figs. 7-9.

Pecten Flamandi sp. nov; CONTEJEAN, p. 312,
pl. 24, figs. 1, 2.

Pecten lamellosus J. SOWERBY; COQUAND, p. 91.
Pecten annulatus ]. DE C. SOWERBY; TRAUT-
SCHOLD, p. 446.

Pecten flamuandi CONTEJEAN; THURMANN and
ETALLON, p. 264, pl. 37, fig. 1.

Pecten Greneteri CONTEJEAN; THURMANN and
ETALLON, p. 265, pl. 37, fig. 7.

Pecten sublaevis ROEMER; V. SEEBACH, p. 100.
Pecten concentricus KOCH and DUNKER; V. SEE-
BACH, p. 100.

Pecten lamellosus ]. SOWERBY; DE LORIOL and
PELLAT, p. 103, pl. 10, fig. 4.

Pecten exaratus sp. nov; TERQUEM and JOURDY,
p- 128, pl. 13, fig. 17.

Pecten Grentert CONTEJEAN; DE LORIOL et al.,
p- 382, pl. 22, figs. 5, 6.

Pecten Flamandi CONTEJEAN; DF LORIOL and
PELLAT, p. 194, pl. 22, figs. 6, 7.

Pecten aff. Grenieri CONTEJEAN; BOEHM, p. 603,
pl. 67, figs. 17, 18.

)

non

-

"~

v

non

v non

3

-~

1883

1888

1891

1893

1894

1910

1917

1925

1926

1926

1931

1934

1935a

1935

1936

1936

1936

“ 1936

1936

1936

1936

1936

1936

1939

1948

1948

1952

1961

1961

1974

1978

1978

1979

Pecten lens ]. SOWERBY; LAHUSEN, p. 23, pl. 2,
fig. 1.

Pecten subannulatus sp. nov; SCHLIPPE, p. 128,
pl. 2, fig. 3.

Pecten concentricus KOCH and DUNKER; BEH-
RENDSEN, p. 416.

Pecten (Camptonectes) cf. Greniert CONTEJEAN;
FIEBELKORN, p. 399, pl. 14, fig. 11.

Pecten chavattensis sp. nov; DE LORIOL, p. 55,
pl. 6, fig. 8.

Pecten (Camptonectes) Broenlund: sp. nov; RAVN,
p- 465, pl. 34, figs. 5, 6.

Pecten annulatus J. DE C. SOWERBY; BORISSIAK
and IVANOFF, p. 25, pl. 1, fig. 14.

Pecten cf. annulatus J. DE C. SOWERBY; STEFAN-
INI, p. 161, pl. 29, fig. 1.

Camptonectes lens var. annulatis (J. DE C. SOW-
ERBY); STAESCHE, p. 79, pl. 3, fig. 12.
Camptonectes Sowerbyr sp. nov; STAESCHE, p. 81,
pl. 3, fig. 7.

Pecten (Camptonectes) cf. lens J. SOWERBY; SOKO-
LOV and BODYLEVSKY, p. 55, pl. 4, fig. 7.

Pecten (Camptonectes) lens var. annulatus ]. DE C.
SOWERBY; STOLL, p. 22.

Camptonectes browni sp. nov; COX, p. 177, pl. 18,
figs. 13a, 13b.

Camptonectes lamellosus (J. SOWERBY); SALIN,
p. 140.

Camptonectes praecinctus sp. novs SPATH, p. 104,
pl. 40, fig. 6, pl. 41, fig. 1.

Camptonectes lens var. exaratus (TERQUEM and
JOURDY); DECHASEAUX, p. 30.

Camptonectes annulatus (J. DE C. SOWFRBY);
DECHASEAUN, p. 31, pl. 4, fig. 10.

Camptonectes Richei sp. nov; DECHASEAUX, p. 32,
pl. 4, figs. 12-15, pl. 5, figs. 1, 2.

Camptonectes Sowerbyl STAESCHE; DECHASFAUX,
p.33.

Camptonectes Flamandi (CONTEJEAN); DECHAS-
EAUX, p. 35.

Camptonectes aranalis (BUVIGNIER); DECHAS-
EAUX, p. 36.

Camptonectes lamellosus (J. SOWERBY); DECHAS-
EAUX, p. 36, pl. 5, fig. 11.

Aequipecten Gremeri (CONTEJEAN); DECHAS-
EAUX, p. 52, pl. 8. fig. 7.

Camptonectes Germaniae (D’ORBIGNY); STEFAN-
Nt p. 171, pl. 19, fig. 11.

Camptonectes annulatus (J. DE C. SOWERBY);
Cox and ARKELL, p. 13.

Camptonectes (Camptochlantys) obscurus (J. SOW-
ERBY); COX and ARKELL, p. I4.

Camptonectes indicus sp. nov; COx, p. 25, pl. 3,
figs. 1—t.

Camptonectes aff. browni COX; HAYAMI, p. 67.
Camptonectes annulatus (J. DE C. SOWERBY);
Rosst RONCHETTI and FANTINI SESTINI, p. 121,
pl. 13, fig. 10.

Camptonectes waggrakinensis sp. nov; SKWARKO,
p. 82, pl. 25, figs. 1, 4.

Camptonectes laminatus (J. SOWERBY); BRAD-
SHAW, p. 313 (non J. SOWERBY sp.).
Camptonectes (Camptochlamys) obscurus (J. SOW-
ERBY); BRADSHAW, p. 314,

Camptonectes annulatus (J. DE C. SOWERBY):
T. PALMER, p. 196.

Holotype (M) of Pecten obscura . SOWERBY
1818, p. 3, pl. 205, fig. 1; BM 43325; Pl 4,
Fig. 24 herein; H: 45, L: 38, HAA: 8.5,
AH: 15, N: 5.5, UA: 93; Stonesfield Slate
(L. Bathonian), Stonesfield, Oxfordshire.
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Text fig. 122:  Camptonectes (Camptochlamys) obscurus — height/umbonal angle.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘Spec. Char. Sub-orbicular, depressed, with obscure
arched longitudinal rugae upon the surface; ears large.

Somewhat longer than wide: the surface is dull, almost
smooth; but it has some indications of diverging furrows. The
edge is thick.

Occurs upon the sandy Limestone slate of Stonesfield, near
Oxford. My specimen was forwarded to me long since by
Dr. WirLiams.”

2. AMENDED DIAGNOSIS

Distinguished from C. (Camptochlamys) clathratus by the
fact that the radial striae extend no more than a few cen-
timetres from the umbo and are thereafter replaced by divari-
cate striae.

3. AMENDED DESCRIPTION

Essenually similar to C. (Camptonectes) auritus. Differing
by the presence of comarginal lamellae and radial striae (Pl. 4,
Fig. 22) of variable length, greater maximum height
(122 mm, OUM ]37483; 2206 mm, see Section 7), higher
mean H/UA (text fig. 122), greater convexity of the left valve,
1sometric increase in anterior hinge length and right valve in-
tersinal distance to give higher values of AH/L (text fig. 127)
and Ix/L (text fig. 124) late in ontogeny, isometric increase of
anterior auricle height to give lower values of HAA/L (text
fig. 126) late in ontogeny and allometric increase of posterior
hinge length to give higher values of PH/L (text fig. 128) late
in ontogeny. The remaining metric characters are plotted in
text figs. 121, 123, 125.

Unlike C. (C.) auritus there appear to be no phyletic
changes in metric proportions beyond an increase in sizeand a
possible accentuation of allometric decrease in H/L in Titho-
nian as compared to Bathonian individuals.
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Text fig. 123:  Camptonectes (Camptochlamys) obscurus — intersinal distance on left valve/length.

4. DISCUSSION

A disjunct stratigraphic distribution with two distinet
peaks in abundance (see Sections 5, 7) has resulted in the
evolution of two taxonomic schemes (centred on species
erected by the Sowersys for Bathonian and Tithonian exam-
ples) for M. and U. Jurassic representatives of the spectes de-
scribed in Section 3. There is, however, no biological basis for
maintamning a distinction and in the absence of any evidence
for the existence of separate lineages such differences as exist
between earlier and later populations (see Section 3) can be
most parsimoniously explained in terms of phyletic evolution
(see Section 10). Large L. Cretaceous forms (usually referred
to Camptonectes anctus J. SOWERBY) are probably also phylet-
ic descendants but their systematics are excluded from this

discussion because the present author has yet to survey the lit-
erature and has examined relatively few specimens. Suffice it
to say that metric proportions (c) would plot within the range
of Jurassic ontogenies if these were projected to larger sizes.

The following types and figures of tvpes from the Jurassic
are inseparable from the species described i Section 3 on the
basis of metric proportions:

1. The holotvpe (M) of ‘Pecten’ obscura J. Sowtrsy (BM
43325; Pl. 4, Fig. 24).

2. Two syntypes of ‘P.”lamellosus J. Sowersy (BM
43299; 1. 4, Fig. 17).

3. The holotype (M) of ‘P." annulatus J. v C. SOWERBY
(BM 43301; Pl. 4, Fig. 18).
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Text fig. 124:

4. The sole observed type of ‘P.” exaratus TerouEM and
Jourpy (ENSM L335).

5. A paratype of Camptonectes indicus Cox (BM L75265;
Pl. 4, Fig. 25).

6. The type series of C. Richei Decriaseaux (NM).

7. The original figure of ‘P.” sublaevis RoruEr.

8. The original figure of ‘P.” concinnus Koct and Dunk-
ER.

9. The original figure of C. Sowerbyi STAEsCHE.

In none of the foregoing cases does any difference in orna-
ment provide a basis for distinction. The subdued ornamenta-
tionof ‘P.” obscura, ‘P.” exaratus and C. Richei is clearly the
result of wear. Varietal use of ‘P.” annulatus in STAESCHI
(1926) and StoLL (1934) and of ‘P.” exaratus in DECHASEAUX
(1936) does not depart from the original authors’ hypodigms.

Camptonectes (Camptochlamys) obscurus — intersinal distance on right valve/length.

‘P.” sublaevis Roeuer should be permanently rejected since 1t
is a junior primary homonym of ‘P.” sublaevis Younc and
Birp (itself a junior subjective synonym of Psexdopecten (Ps.)
equivalvis).

Figures of the types of ‘P.” Obrinus v’Orsiony, P. cr-
cinalis BuvieNier, ‘P.° subannulatus Schrwere, ‘P.° Broen-
lundi Ravn and C. browni Cox were not measured but in
each case the ornament does not differ significantly from that
of the species described in Section 3. Havamr’s (1961) record
of a specimen resembling Cox’s species must be treated scep-
tically in view of the disjunct geographic position (Japan) and
lack of a figure. Although a figure is provided of C. wagg-
rakinensis SKkwARKO (from W. Australia) the original is very
poorly preserved. Nevertheless comparison with ‘P.” cinctus
J. SoweRrBY suggests that it could be synonymous with the
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species described 1n Section 3 (sce above). The figure of
‘P.’ chavattensis DF LorioL depicts a specimen with reticu-
late ornament, as is characteristic of C. (Camptochlamys),
and mention in the description of ‘punctae’ on the right valve
suggests that it may be referable o the species described in
Section 3.

‘P.” Germaniae D’OreiGNY was erected for a specimen
from the Kimmeridgian assigned to ‘P.” annulatus J. DE
C. Sowersy by Gorpruss (1833). Presumably p’Orsiony
(1850) considered that the horizon of derivation merited a dis-
tinction from J. g C. Sowsrey’s species, whose holotype is
from the Bathonian. However, the present author’s inclusion
of both M. and U. Jurassic specimens within the same
hypodigm renders this insufficient grounds for a specific sep-
aration.

The original figure of ‘P.” concentricus Kocr and DUNKER
appears to depict the comarginally ornamented right valve of
Entolium (E.) orbiculare but the fact that v. SeppacH (1864)
and Brrrenosen (1891), both of whom may have examined
the type material, have applied the specific name to specimens
with radial as well as comarginal ornament suggests that it
may be a reversed illustration of the left valve of the species
described in Section 3. Although H/L and H/UA (10) are
both high for the latter species they are considerably less dis-
tant than from E. (E.) orbicilare.

Although one of the original figures (pl. 40, fig. 6) of
C. praecanctus Sratn (Tithonian) has metric proportions (H:
168, L: 165, UA: 128) within the range of projected on-
togenies of the species described in Section 3, the other
(pl. 41, fig. 1) has a rather low H/UA (100/40), which, to-
gether with the poor development of comarginal lamellae,
suggests that the species may in fact be synonymous with C.
(C.) auritus.

The affinities of CoNTFIEAN'S (1859) species ‘P." Grenzer:
and *P." Flamandi and secondary references thereto are dealt
with under Radulopecten strictus and C. (C.) virdunensis re-
spectivelyv.

The original (GPIT) of ‘P.lens ]. SOWERBY; QUENSTEDT
(1858, pl. 59, fig. 3 only) has radial striae in the umbonal reg-

ion and is clearly referable to the species described in Sec-
tion 3 rather than SowErsy’s species (= C. (C.) auritus).
Records of J. Sowrrey's species in Lanusen (1883) and
Sororov and BobyLevsky (1931) are discussed under C. (C.)
anritus. Specimens said to have strong comarginal ornament
but which were referred to C. lamimatus by Branstiaw (1978)
are probably representative of the species described in Sec-
ton 3.

Of the synonymous species discussed above the earliest
available name for the species described in Section 3 is ‘P.” 0bs-
citra J. SOWERBY.

5. STRATIGRAPHIC RANGE

The first records of C. (Cc.) obscurus are from the Aalenian
(Murchisonae zone) of Swabia (Starschr, 1926). A few
specimens are recorded from the Bajocian of S. Germany
(QuEnsTEDT, 1858), E. France (DrcHaseaux, 1936) and the
Cotswolds (BM 73397, 15125, L17573, L41949, L84344,
1.95180, L1.24287) but the species does not become common
until the Bathonian. Callovian records from Europe are lim-
ited to Lanusin (1883) and a few specimens in DM while
Oxfordian records are limited to Buvicvirr (1852). Definite
records from the Kimmeridgian are restricted to Goipruss
(1833), Kocr and Du~wrr (1837), v. SrrsacH (1864) and DE
cHASEAUN (1936). However, the species becomes common
again in the Tithonian and if specimens such as BM L1354 and
L.24189 are included within C. (Cc.) obscurus (see Section 4)
the stratigraphic range can be said to extend nto the L. Cre-
taceous at least as far as the Hauterivian.

6. GEOGRAPHIC RANGE

C. (Cc.) obscurus was essentially a Boreal species. Thus for
most of 1ts stratigraphic range distribution was centred in
N. Europe (text fig. 129) and in the later (Tithonian-L. Cret-
accous) parts of its stratigraphic range the centre of distribu-
tion shifted outside continental Europe, into Britain (see Sec-
tion 7).

ey

Text fig. 129:  Camptonectes (Camptochlamys) obscurus — European distribution.
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Text fig. 130:  Camptonectes (Camptochlamys) obscurus — World distribution (Callovian reconstruction).

The paucity of Callovian records in Europe (see Section 5)
is probably the result of the widespread development of un-
favourable clay facies (see Section 8). Records from the Cal-
lovian of Somalia (Cox, 1935a) and India (Cox, 1952) and
?Callovian of Afghanistan (Rosst RoncHETT and Fanring Ses-
TN, 1961) may thus signify migration to more suitable en-
vironments (text fig. 130). Similarly the rarity of the species in
the Bajocian and Oxfordian of Europe may correlate with oc-
currences in the Bajocian of Somalia (Steranini, 1939) and
possible occurrences in the Bajocian (Skwarko, 1974) and
Oxfordian (a poorly preserved, unlocalised and unnumbered
specimen in the BM) of Australia. However, in these cases ex-
clusion from Europe was more probably the result of compet-
ition with C. (C.) anritus since suitable sedimentary en-
vironments were widespread (see Section 8).

7. DESCRIPTION OF ECOLOGY

In the Aalenian of Swabia C. (Cc.) obscurus occurs in
chamosite oolites in association with common examples of
Propeamussium (P.) pumilum and Entolium (E.) corneolum.
The maximum height attained is 74 mm (GPIT). C. (C.) an-
ritus is a fairly rare associate but in similar almost contem-
poraneous sediments in central England (Northampton Sand
Ironstone) itis common while C. (Cc.) obscirus 1s unknown.
C. (C.) auritus is also common throughout the Bajocian in
Europebut C. (Cc.) obscirus is generally rare (see Section 5).
However an isolated specimen (StagscrE, 1926) attains a max-
imum height of 93.8 mm.

In the Bathonian of Britain C. (Cc.) obscurus is particularly
common in the Stonesfield Slate (L. Bathonian) where the
most common faunal associates are oysters and ‘Trigonia im-
pressa’ together with rhynchonellid brachiopods and cidaroid
echinoids. The sediments are flat laminated calcareous sand-
stones and sandy oolites. The species also occurs, albeit
somewhat less commonly, in grain supported shelly oolites of
roughly the same age at Minchinhampton and in the
U. Bathonian Forest Marble. In both cases C. (C.) laminatus
is a fairly common associate and at the former locality C.

(Cc.) clathratus also occurs quite frequently. The sedimen-
tary and faunal associations of most other Bathonian occur-
rences of C. (Cc.jobscurus are unclear. However in the M./U.
Bathonian White Limestone Formation of the Cotswolds the
species occurs in muddy lime sands,where the principal faunal
associates are Praeexogyra hebridica and Isognomon isog-
nomoides, and in shelly micrites where the brachiopod
Epithyris is the dominant faunal element. C. (Cc.) obscurus is
absent from lime sands and pelleted lime muds in the same
formation (T. Paver, 1979) but it may occur in sands and
oyster reefs further northeast in the Rutland Formation
(BrabsHaw, 1978, see Section 4). The maximum height at-
tained by the species in the Bathonian is 69 mm (BM L10962).

C. (Cc.) obscurus is rare in the Callovian of W. Europe (see
Section 5), where the stage is widely developed in clay facies,
but is known from a limestone sequence containing chamosite
oolite beds in Russia (Lanusev, 1883). Oolitic deposits are
widespread in the Oxfordian of Europe but C. (Cc.) obscierus
is absent from them, the only record of the species in the Ox-
fordian being from marls (Buvionier, 1852). C. (C.) auritus
and C. (C.) clathratus are however quite common in Oxford-
ian oolites as well as other sediments.

C. (Cc.) obscurns is rare in the L. Kimmeridge Clay (Kim-
meridgian) but is occasionally found in the sandy marginal
facies developed in the upper part of the formation
(M. Tithonian)inS. England and N. W. France. C. (C.) au-
ritis 1s much more common at the latter horizon but in the
U. Tithonian it is rare and C. (Cc.) obscurus is common,
reaching a maximum height of 122 mm (OUM J]37483). In
Dorset C. (Cc.) obscurus occurs most abundantly at three
levels in the U. Tithonian; within the Portland Sand Forma-
tion,in the Exogyra Beds (Corton Hill Member),and within
the Portland Stone Formation,in the Basal Shell Bed (Dungy
Head Member) and the Freestone Series (Winspit Member).
In each case there is a diverse associated ammonite, gastropod
and bivalve fauna including the genera Trigonia, Protocardia,
Isognomon, Pleuromya and Exogyra. Records from Titho-
nian marls and limestones (Calcaire de Barrois) in the E. Paris
Basin (SauiN, 1935) are associated with a much less diverse
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fauna (lacking in ammonites and dominated by ‘Corbula’,
‘Leptoxis’, “Lioplax> and *Melania’) and specimens from the
‘Kimmeridgian/Portlandian’ (Kocx and Dunker, 1837) and
‘L. and U. Kimmeridge’ (v. SersacH, 1864) of L. Saxony are
probably derived from horizons with a similarly restricted
fauna (HoLpERr, 19645 Huckrienr, 1967).

Specimens usually referred to C. cnctns J. Sowersy but
which are likely to be phyletic descendants of C. (Cc.) obs-
curns (see Section 4) are found in the Valangiman and
Hauterivian of Lincolnshire, where they reach a maximum
height of 206 mm (BM L1354). The horizons of greatest
abundance appear to be the Claxby Ironstone (a chamosite
oolite containing a diverse fauna including the bivalves Exo-
gyra, Trigonia and Cucullaea together with ammonites and
belemnites) and the Tealby Limestone (a sequence of sandy
limestones, clays and shales). A single specimen (BM L2+4189)
is known from roughly contemporancous deposits in
N. Germany but there are no records from further south in
Europe.

8. INTERPRETATION OF ECOLOGY

The oolitic limestones and ironstones most commonly oc-
cupied by C. (Cc.) obscurus are indicative of generally high
energy levels and Skriwoon and McKerrow (1974) have sug-
gested that periodic storms were an important factor during
the deposition of the Stonesfield Slate, in which the species 1s
particularly common. Thelevels at which C. (Cc.) obscrrus is
most abundantinthe U. Tithonian of Dorset are indicative of
regression (TowNsox, 1975) and one can assume that shallow-
ing of the sea resulted in higher environmental energy trom
the increased effect of waves and currents.

The rarity of C. (Cc.) obscurus in most argillaceous se-
quences suggests that the species could not tolerate low energy
environments. However, evidence from the White Limestone
Formation, where low energy environments were apparently
preferentially colonised, belies this reasoning and suggests
moreover that the abundance of the species in ooliuc lime-
stones, ironstones etc. is not due to a particular liking for high
energy environments. A dependence on the pre-existence of
some specific element of the fauna (perhaps oysters) for the
provision of byssal attachment sites for the juvenile (see Sec-
tion 9) may have been the primary determinant of distribu-
tion.

The occurrence of C. (Cc.) obscurus in the Calcaire de Bar-
rois is evidence, according to the facies interpretation of SALIN
(1935), of a tolerance of reduced salinities. The occurrence of
the species in the Kimmeridgian/Tithonian sequence of
L. Saxony provides further evidence of a tolerance of reduced
salinities if the facies interpretation of Huckrirne (1967) is fol-
lowed but is evidence of an additional tolerance of high
salinities if the facies interpretation of Jorvan (1971) is
adopted. If confirmed, records from the Bathonian of the
E. Midlands would be evidence of a tolerance of fluctuating as
well as low salinities (see. p. 129).

There is a very noticeable inverse correlation between the
numbers of C. (Cc.) obscurus and C. (C.) auritus at any one
time or place which is strongly suggestive of competition.

There 1s however little evidence of a similar reaction between
C. (Cc.) obscurus and C. (C.) laminatns and although the
rarity of C. (Cc.) obscurus in the Oxfordian is matched by a
corresponding abundance of C. (Cc.) clathratus compeuuion
can hardly be invoked in explanation because the species oc-
cur together in numbers in the Bathonian. The rarity of C.
(Cc.) obscurus in the Oxfordian is more probably the resultof
competitive exclusion by C. (C.) anritus which occurs widely
in the stage.

9. FUNCTIONAL MORPHOLOGY

Since C. (Cc.) obscurns is comparable to C. (C.) auritus 1n
most aspects of morphology, a similar juvenile byssate fol-
lowed by adult reclining mode of life can be inferred. The
greater shell thickness and H/UA of C. (Cc.) obsciurus proba-
bly led to the loss of swimming ability at an earlier age,
although some compensation may have been derived from the
greater convexity of the left valve. In spite of an apparent
phyletic reduction in H/L it is still very doubtful whether
adult representatives of Jater populations could have swum.

StarscHE (1926) considered the strong comarginal Jamellae
on the disc to be an adapration for stability in high energy en-
vironments. However, in view of the fact that lamellae are
usually more strongly developed on the left valve (not in con-
tact with the substrate) and that the non-lamellate species C.
(C.) laminatus occurs with C. (Cc.) obscuyns in high energy
environments, STAFSCHE’s hypothesis is implausible. A more
likely explanation is that the lamellae provided camoutlage or,
as Staescrir also hypothesised, that they served to strengthen
and stiffen the shell against predatory attacks, to which the
animal must have been susceptible in the sessile adult stage.

10. ORIGINS AND EVOLUTION

C. (Cc.) obscurus almost certainly arose from C. (C.) au-
ritus. Regulatory gene evolution leading to heterochrony can
be invoked to explain differences in UA, HAA and AH.
However, simultaneous acceleration (for the first two) and re-
tardation (for the last) would have to have occurred (see p.
132). A more fundamental alteration of the genome is probably
indicated by the appearance of such new features as comar-
ginal lamellae and radial striae and, in the absence of ancestral
allometry, by the higher Iz/L of C. (Cc.) obscurs.

Within C. (Cc.) obscurus maximum height undergoes an
overall phyletic increase in the passage from Aalenian
(74 mm) to Bajocian (93.8 mm) to Bathonian (69 mm) to
Tithonian (122 mm) to Valanginian (206 mm). The tempo-
rary reversal to the otherwise smooth trend in the Bathonian 1s
undoubtedly a real phenomenon since a large number of
specimens are available for measurement from the stage.
There seems also to be a phyletic reduction in H/L from the
Bathonian to Tithonian but the lack of data from intermediate
stages precludes an assessment of whether or not evolution
occurred gradually. Since H/L decreases during the ontogeny
of ancestral populations the phyletic reduction in H/L could
have been brought about by acceleration of shape develop-
ment with respect to size.
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Text fig. 131:  Camptonectes (Camptochlamys) clathratus — height/length.

Camptonectes (Camptochlamys) clathratus (ROEMER 1836)
Pl 4, Figs. 23, 26, 27, PL. 5, Figs. 1-3, 6; text figs. 131-136

1836

1839

1842

v¥? 1850

v¥ 1852

v¥ 1853

1853

1853

Synonymy

Pecten clathratus sp. nov; ROEMER, p. 212, pl. 13,
fig. 9.

Pecten intertextus sp. nov; ROEMER, p. 27, pl. 18,
fig. 23.

Pecten collineus sp. nov; BUVIGNIER in SAUVAGE
and BUVIGNIER, p. 533, pl. 4, fig. 7.

Pecten Rosimon sp. nov; D’ORBIGNY, v. 1, p. 327
(BOULE, 1913, v. 8, p. 92, pl. 2, figs. 26, 27).
Pecten Michaelensis sp. nov; BUVIGNIER, p. 24,
pl. 32, fig. 4.

Pecten retiferus sp. nov; MORRIs and LYCETT,
p- 9 pl. 1, figs. 15, 15a.

Pecten personatus GOLDFUSS; MORRIS and Ly-
CETT, p. 11, pl. 1, fig. 17 (non fig. 17a, non GOLD-
FUSS sp.).

Pecten clathratis ROEMER; MORRIS and LYCETT,
p- 13, pl. 1, figs. 19, ?19a.

1860
1862

1862

1863

1863

1867

1875

1893

1894

1904

1905

1905
non 1906

Pecten clathatrus ROEMER; COQUAND, p. 79.
Pecten pertextus sp. nov; ETALLON in THURMANN
and ETALLON, p. 257, pl. 36, fig. 7.

Pecten Frotei sp.nov; ETALLON in THURMANN and
ETALLON, p. 258, pl. 36, fig. 9.

Pecten Michaelensis BUVIGNIER; LYCETT, p. 34,
pl. 33, fig. 3.

Pecten mtertextus ROEMER; DoOLLFUS, p. 81,
pl. 15, figs. 1-3. :
Pecten retiferus MORRIS and LYCETT; LAUBE,
o0k

Pecten ntertextus ROEMER; DE LORIOL and
PELLAT, p. 200, p. 23, fig. 2.

Pecten intertextus ROEMER; DE LORIOL and LAM-
BERT, p. 138, pl. 11, figs. 8, 8a.

Pecten intertextus ROEMER; DE LORIOL, p. 40.
Pecten imntertextus ROEMER; DE LORIOL, p. 216.
Pecten (Chlamys) retiferus MORRIS and LYCETT;
KiL1AN and GUEBHARD, p. 758.

Pecten intertextus ROEMER; PERON, p. 219.
Chlamys rosimon (D’ORBIGNY); COSSMANN, p. 4,
pl. 1, figs. 7-9.
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1906 Chlamys retifera (MORRIS and LYCETT; COSs- 1948 Camptonectes  (Camptochlamys)  intertextus
MANN, p. 5, pl. 1, figs. 10, 11. (ROEMER); COX and ARKELL, p. 14.
1907a  Chlamys retifera (MORRIS and LYCETT); CoOss- (?) 1948 Camptonectes (Camptochlamys) rosimon (D’ORB-
MANN, p. 240, pl. 8, figs. 14, 15. IGNY); COX and ARKELL, p. 14,
1923 Chlamys Lafayi sp. nov; Lissajous, p. 159, pl. 30, ? 1961 Camptonectes rigidus (J. SOWERBY); ROss1 RON-
figs. 1, 2. CHETTI and FANTINI SESTINI, p. 122, pl. 13,
v non 1926 Chlamys Rosimon (D’ORBIGNY); STAESCHE, p. 38, figs. 1, 2 (non J. SOWERBY sp.).
pl. 2, fig. 1. 1961 Camptochlamys retiferns (MORRIS and LYCETT);
v 1930a  Chlamys (Camptochlamys) intertextus (ROEMER); BARBULESCU, p. 701.
ARKELL, p. 103, pl. 8, figs. 1, 2. 1961 Camptochlamys tertextus (ROEMER), BARBU-
21931 Pecten (Chlamys) pertextus var. densiradiatus var. LESCU, p. 701.
nov; SOKOLOV and BODYLEVSKY, p. 54, pl. 3, figs. 1964 Camptonectes retiferns (MORRIS and LYCETT);
6a, 6b. J.-C. FISCHER, p. 19.
(?) 1936 ¢Camptochlamys Rosimon (D'ORBIGNY); DECHAS- 21977 Camptonectes (Camptochlamys) cf. intertextus
EAUX, p. 38. (ROEMER); KELLY, p. 88, pl. 1, figs. 18a—c, 19, 20.
1936 (,mnpto‘cb/mn_w retiferns (MORRIS and LYCETT); The holotype (M) of Pecten clatbratus RoE-
DECHASEAUX, p. 39. 1836 212. ol 13. fie. 9 bably i
1936 Camptochlamys Lafayi (L1sSAJOUs); DECHAS- MER » P- 74, pl. 1, Tig. 715 probably tn
EAUX, p. 39. the RoOEMER-PELIZAEUS-Museum, Hildes-
1936 Camptochlamys mtertextus ROEMER; DECHAS- heim, W. Germany. It was derived from the
EAUX, p. 39. Oxfordian of N. Germany.
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Text fig. 132: Camptonectes (Camptochlamys) clathratus — height/umbonal angle.



1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘P. testa lineis capillaribus acutis radiantibus rectis concen-
tricisque regulariter clathrata, interstitiis planis quadratis.

Die ziemlich diinne Schale scheint fast kreisrund gewesen
zu sein und trigt oben zahlreiche, haarformige, schief in die
Hohe gerichtete, gleich weit von einander stehende Linien,
von den gerade ausstrahlende mit concentrischen ein sehr
zierliches, feines Gitterwerk bilden. Die viereckigen, meist
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mehr breiten als hohen Flichen zwischen den Linien sind
ganz flach.

Das abgebildete Bruchstiick fand sich im oberen Coral rag
des Spitzhuts mit Terebr. tetragona und Turbo princeps zu-
sammen.*

2. AMENDED DIAGNOSI!S

Distinguished from C. (Cc.) obscurus by the fact thart the
radial striae reach the ventral margins atall stages in ontogeny.
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Text fig. 133: Camptonectes (Camptochlamys) clathratus — intersinal distance on left valve/length.
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3. AMENDED DESCRIPTION

Essentially similar to C. (Cc.) obscurus apart from the
diagnostic feature (see Section 2), possibly somewhat higher
mean H/UA (text fig. 132), apparent allometric decrease in
AH/L and I, /L (text figs. 134, 133), lower comarginal lamel-
lac and usual lack of divaricate striae (see p. 133). There are be-
tween 33 and 45 radial striae on the left valve and between 45
and 68 on the right valve (Pl. 4, Figs. 23, 26, 27, Pl. 5. Figs.
1-3, 6).

Other metric proportions are plotted in text figs. 131, 135.

4. DISCUSSION

As for C. (Camptochlamys) obscurus the disjunct strati-
graphic range of the species described in Section 3 combined
with a failure to appreciate the range of ornamental variation
has led to the evolution of two taxonomic schemes for M. and
U. Jurassic representatives. ARkeLL (1930a) considered that
Oxfordian specimens (referred to ‘Chlamys' (Cc.) intertextus
(Roewmer)) differed from Bathonian specimens (referred to
‘Ch.” (Cc.) retiferus (Morris and LyceTt)) by the possession
of 45-50 compared with 35-40 radial striae. Since ARKELL

failed to recognise the disparity in numbers of striae between
right and left valves this gives an incomplete picture of varia-
tion. However, if one assumes that counts were taken only
from left valves, as seems likely, then the existence of Oxford-
ian specimens with 40 striae (e. g. YM 557) and Bathonian
specimens with 45 striae (e. g. BM 65901) clearly contradicts
Arkill’s hypothesis. Metric proportions offer no other
grounds for a distinction, the larger Oxfordian forms plotting
within the range of extrapolated Bathonian ontogenies (text
figs. 131-135). Moreover the figured original of ‘Pecten’ in-
tertextis ROEMER, although only a broken specimen, is indis-
tinguishable from the lectotype of ‘P.” retiferus Morkis and
Lycrrr (IGS 9169; PL. 4, Fig. 26).

On the basis of the preceding discussion the Oxfordian
species ‘P.” pertextus Eraton and ‘P.” Michaelensis Buvic-
nier (both described as having finer ornament than ‘P.” inter-
textus) cannot be separated from the species described in Sec-
tion 3. In addition the figured original of ‘P.” Michaelensis
(ENSM L340; PL. 5, Fig. 3) has metric proportions (1) which
plot within the range of projected ontogenies of the species
described in Section 3. ‘Ch.” Lafayi Lissajous was separated
from ‘P.’ Michaclensis only by a difference in ornament at
large sizes. Since the figured original of the latter species turns
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Text fig. 134:  Camptonectes (Camptochlamys) clathratus — anterior hinge length/length.



out to be a large abraded specimen this is an insufficient basis
for a specific distinction.

The present author has been unable to trace the original
reference to ‘P.’ collinerns BuvicNier but ARKELL (1930a) places
the species in synonymy with ‘Ch." (Cc.) intertextus.
‘P.’ Frotei ETarLoN was compared with ‘P.° collinens in the
original description and metric proportions of the original
figure (2) plot within the range of the species described in
Section 3.

The holotype (M) of ‘P.” Rosimon p’Orsicny (MNO
2905) is a poor specimen whose large number of radial striae
suggests that it may be referable to Radulopecten vagans (the
interpretation followed by Cossyann [1906}) rather than the
species described in Section 3 (the interpretation apparently
followed by Decraseaux [1936] and Cox and ARkeLL [1948]).
The specimen (GPIT 1592/5; Pl. 8, Fig. 16) referred to
‘Ch.” rostmon by StaescHE (1926) is much more strongly or-
namented than p’OreicnNy’s holotype and belongs in Ch.
(Ch.) textoria.

Of the species considered to be synonymous above,
‘P intertextus Roemer was the first designated. However,
an earlier species ‘P.” clathratns Roemer has the characteristic
reticulate ornament of the species described in Section 3 and

147

although only described from a fragment must be L en his-
torical precedence. One of Morrisand Lycr11's 11833 figures
of ‘P.’ clathratus (pl. 1, fig. 19) is indistinguishable from
RoemeR’s species but the other (pl. 1, fig. 19a) is more
reminiscent of C. (C.) laminatus. The same authors also figure
an example of RoevEr’s species (pl. I, fig. 17) under the
non-synonymous specific name ‘P.’ personatis GOLDFUSS
(see p. 24). The other figured example of ‘P.” personatus
(pl. 1, fig. 17a) may be referable to C. (C.) lamunatus. A
specimen referred to the non-synonymous species C. rigidus
(J. Sowersy) by Rosst RoncrETT and FANTING SESTINI (1961) i
discussed on p. 127.

Keriy’s (1977) record of C. (Cc.) cf. mtertextus from the
M. Volgian can only tentatively be placed in synonymy be-
cause the small size of his specimens allows the possibility of
confusion with juveniles of C. (Cc.) obscurus, a common
species at this horizon. Similar reasoning applies to the tenta-
tive inclusion of ‘P.° (Ch.) pertextus var. densiradiatus
Sokorov and BopyLevsky (1931).

5. STRATIGRAPHIC RANGE

Two specimens (BM LL 1593, LL23688) from the Bajocian
of S. England are probably referable to C. (Cc.) clathratus as
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Text fig. 135:  Camptonectes (Camptochlamys) clathratus — posterior hinge length/length.
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are a number of specimens from the U. Bajocian in DM. De-
cHASEALY (1936) records an indeterminate number of speci-
mens from the Bajocian of the E. Paris Basin. In the appro-
priate facies (see Section 8) the species is quite common in the
Bathonian but it becomes rare again in the Callovian. Two
specimens are known from the U. Cornbrash of Yorkshire
(YM 592, BM 47434), a few specimens reside in DM,and Dr-
crasEAUX (1936) records an indeterminate number of speci-
mens from the Callovian of the E. Paris Basin. The species is
locally quite comnion in the Oxfordian but becomes rare in
the Kimmeridgian, unequivocal records being limited ro NW
France (BM 25346, 65895; Dotrrus, 1863), W. France (one
specimen, author’s collection) and the Jura (THurMANN and
EtaLLon, 1862).

Kerry (1977) records nine specimens, which may be refer-
able to C. (Cc.) clathratus (see Section 4) from the M. Volgian
(M. Tithonian) of Lincolnshire.

6. GEOGRAPHIC RANGE

C. (Cc.) clathratus occurs widely in northern and central
Europe (text fig. 136), its local distribution and abundance
being largely controlled by the development of the appro-
priate sedimentary facies (see Section 8). Records outside
Europe are limited to two dubious specimens (see Section 4),
one from Afghanistan (Rosst RoncrierTi and Fanting Sestin,
1961) and the other from Spitzbergen (Sokorov and Booy-
LEVSKY, 1931).

BT \

Text fig. 136:  Cuampronectes (Camptochlamys) clathratus — European distribution.

7. DESCRIPTION OF ELCOLOGY

In the Bathonian of England C. (Cc.) clathratis 1s found
quite commonly in the Minchinhampton Beds (L. Batho-
nian) where it reaches a maximum height of 57.5 mm (BM
LL1593). The sediments are grain supported shelly oolites
containing a diverse gastropod and bivalve fauna, including
C. (Ce.) obscurns (Morris and Lycerr, 1851-55). The species
is also quite common in the roughly contemporaneous Cal-
caire a Polypiers of Normandy and occurs in acoral bed in In-
dre with Spondylopecten (S.) palinurus and the ‘coarse’
phenotype of Chlamys (Ch.) textoria (Cossmann, 1907a;
J.-C. FiscHER, 1964).

In the Oxfordian of Yorkshire large specimens of C. (Cc.)
clathratus occur in the Malton Oolite (Plicatilis zone), reach-
ing a maximum height of 140 mm (YM 492D). The sediments
are oolites, usually poorly fossiliferous, but locally contain-
ing coral debris and such bivalves as the ‘coarse’ phenotype of
Ch. (Ch.) textoria, Lima, Exogyra, Opis, Gervillia and
Trichites, together with the gastropod Psesdomelania
(J. WricHT, 1972). C. (Cc.) clathratus is rare in contem-
poraneous oolites on the Dorset coast (Osmington Oolite) in
which coral debris is absent. The species is reported to be

common in reef and reef-derived sediments in the Yonne
(PrroN, 1905) and records from the Oxfordian of the Meuse
(BuviGNIER, 1852), Jura (pE Lorior, 1894, 1904) and L. Sax-
ony (RoEMER, 1836) are from a similar facies,as may be records
from the Kimmeridgian of the Jura (Trurvann and Etatton,
1862). The author has collected a specimen from Kimmerid-
gian marls adjacent to patch reefs at La Rochelle (Charente
Maritime).

Other records of C. (Cc.) clathratus consist of small or in-
determinate numbers of specimens.

S. INTERPRETATION OF ECOLOGY

The usual occurrence of C. (Cc.) clathratus in oolitic and
reefal deposits indicates a prelerence for environments of high
energy. The rarity of the species in the Callovian and Kim-
meridgian of northern and central Europe (see Section 5) and
throughout the M. and U. Jurassic in southern Europe (see
Section 6) can thus be viewed as a consequence of the wide-
spread development of low energy, clay-grade facies.

Inthe U. Jurassic of continental Europe there is aclear cor-
relation between the distribution of coral reef facies and that



of C. (Cc.) clathratus. Although the species occurs in oolites
in the Oxfordian of Yorkshire, the occasional presence of cor-
als and a reef-derived fauna may indicate that a substanual reet
existed nearby (J. WricHT, 1972) and thus an association with
this facies for at least part of the life history cannot be ruled
out. The rarity of C. (Cc.) clathratus in contemporaneous
non-coralliferous oolites in Dorset is evidence that such sedi-
ments alone could not induce colonisation of an area by C.
(Cc.) clathratus. There are however few grounds for invoking
the presence of unexposed reefs to explain the occurrence of
C. (Cc.) clathratus in Bathonian oolites at Minchinhampton,
although the recent discovery (Acer et al., 1973) of Isastrea
and Thamnasteria should be noted. A clearer association
with corals, if not with coral reefs, is indicated by occurrences
in Normandy and Indre, and the presence in the latter area of
pectinids which were at least able to colonise reets is worth
pointing out.

It can be summarised from the foregoing that there is a
strong correlation between the occurrence of C. (Cec.) clath-
ratus und coralliferous deposits and that numbers may be
highest in the vicinity of coral accumulations of reefal dimen-
sions. It could be that level bottom environments adjacent to
coral stands were inhabited when byssal fixation to corals be-
came impossible in the later stages of ontogeny (see Sec-
tion 9).

Since C. (Cc.) clathratus occurs with a high diversity fauna
in, at most, moderate numbers, it was probably an equilib-
rium species (LevinToNn, 1970).

Other species of Camptonectes including the probable an-
cestor C. (Cc.) obscurus (q. v.) show little sign of having
competed with C. (Cc.) clathratus.

9. FUNCTIONAL MORPHOLOGY

Since C. (Cc.) clathratus is in most morphological respects
identical to C. (Cc.) obscurus, ajuvenile byssate followed by
an adult reclining mode of life can be similarly inferred. Cor-
als probably constituted the favourite site for byssal attach-
ment and oolites seem to have been preferred for the reclining
phase (sce Section §).

10. ORIGINS AND EVOLUTION

The most likely ancestor for C. (Cc.) clathratus 1s C. (Cc.)
obscurus. Since the radially striate ornament characteristic of
adult representatives of the former species is present in
juveniles of the latter trans-specific evolution could have been
largely brought about by the heterochronic retardation of
shape development with respect to size. As C. (Cc.) clath-
ratus first occurs within the geographic range of C. (Cc.)
obscurus the possibility of sympatric speciation cannot be en-
tirely ruled out. It may be that speciation followed after a few
individuals of C. (Cc.) obscurus switched to corals for
juvenile byssal attachment, whence disruptive selection and
establishment of a stable polymorphism ensued (cf. Tausrr
and TAUBER, 1977a, b).

Within C. (Cc.) clathratus there is a marked increase in
maximum height from the Bathonian (57.5 mm) to the Ox-
fordian (140 mm) although the paucity of intermediate rec-
ords precludes an assessment of wether or not this repre-
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sents a gradual trend. Phyletic increase in size combined with
a neotenous origin are strong indicators of the prevalence of
‘K’ selection (Goulrp, 1977).

Genus EOPECTEN DouviLrLe 1897

(Synonyms etc. Velata QUENSTEDT 1856 [non GriFsiTH and
PipceoN 1934, ob;.]
Velopecten PriLiep1 1899 [pro Velata
QUENSTEDT 1856, non Velates MONTFORT
1810]
Velatopecten RoLLiER 1906 [nom. van.])

Type species. OD; Douvitet 1897, p. 203; Hinnites tuber-
alatus Gorpruss errore pro Spondylus tuberculosus
Gorpruss 1836, p. 93, pl. 105, fig. 2; Aalenian/Bajocian,
Swabia.

AMENDED DIAGNOSIS

Medium sized to large, acline, more or less irregular in out-
line at all stages of growth, some specimens irregularly puck-
ered or with allomorphic ornament; inequivalve, with LV
convex and RV flat or concave; left anterior wing large, indis-
tinctly demarcated, right anterior auricle elongate, deep sub-
auricular notch with ctenolium below 1t; posterior wing
rather small; RV with narrow, obtusely triangular cardinal
area with deep, narrowly triangular pit below beak corres-
ponding to resilium (same in LV); interior of RV in some
specimens with blunt oblique internal ridge originating near
resilifer; ornament of striae and costae of varying strengths.

L. Jur. (Hettang.)-L. Cret. (Alb.), cosmop.

DISCUSSION

In his diagnosis HErTLEIN (1969: N373) imphied that Eopec-
ten was cemented early in ontogeny. The present author can
find no positive evidence for this. The hinge characteristics of
the left valve, unknown to HerTLEIN, are now clear.

The immense variability within Eopecten, at least some of
which is demonstrably ecophenotypic (see p. 154), has re-
sulted in the designation ot a plethora of specific names by
typological authors. Rocvier (1915) alone cites 51 species
from the Mesozoic of central W. Europe. Such numbers seem
highly improbable in the light of analyses of Recent com-
munities and with the evidently slow rate of species turnover
inthe Pectinidae. However, it remains difficult to evaluate the
extent of ecophenotypic ‘noise’ in order to dehneate true
species. An analysis along the lines adopted for Radulopecten
vagans (see JOHNSON, 1981) might prove instructive although
sampling problems would undoubtedly be great. In the Jack
of such an analysis the author has been forced to adopt amore
subjective approach.

Ornamental variation in left valves appears to be distrib-
uted around three modal patterns, distinguished as follows:

1. Ornament clearly differentiated into costae and striae in
all but very large specimens.
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2. Intercalary costae rapidly gaining the same size as origi-
nal costae which are themselves of approximately equal
size.

3. Intercalary costae rapidly gaining the same size as onigi-
nal costae but two of latter greatly enlarged and bearing
tubercles.

Since, at any one locality, there is a marked tendency for
only one of the modal patterns (and variants thereof) to be
present it may be that the modes themselves represent
ecophenotypic variants and that therefore all Jurassic Eopec-
ten should be placed in a single species. However, in the lack
of a statistical analysis of ontogeny (see above) and of an adap-
tive reason for such ecophenotypic variation it is prelerred
herein to treat the three modes as being indicative of three
separate species (respectively E. velatus, E. spondyloides and
E. abjectus) and to assume that the mutual exclusion ar any
one locality 1s due to inter-specific competition.

There is some suggestion, based on the number of costae
(see p. 152), that forms grouped around mode 1 may them-
selves be divisible into two groups. However, until separate
contemporaneous lineages can be demonstrated the author
prefers to attribute such differences as do exist to phyletic
evolution within a single species.

Due to the difficulties in defining Eopecten species at the
outset comprehensive descriptions or figures have to be avail-
able (in the absence or non-availability of type material) be-
fore a taxonomic species can be assigned to one of the above
groups. Consequently a number of rather poorly charac-
terised taxonomic species of Fopecten have had to be left out
of the synonymy lists pending examination of type material.
These include: in Gorpruss (1836), ‘Hinnites™ tenuistriatus
Monster; in Tierze (1872), ‘H.’ sublaevis; in GEMAELLARO
and D1 Brasi (1874), ‘H.” Waagenz; in GrmvriLaro (1878),
‘H.’ ctenopsides, ‘H.' aracnoides; in  Brascuxr  (1911),
‘P.” kotoncensis; in Roruir (1915), ‘H." (‘Prospondylus’)
Greppini, ‘H.” (‘Pr.’) ferrugineus, ‘H.” (‘Pr.’) Dollfust, ‘H.’
(‘Pr.’) Argoviensis, *H.” (‘Terquemia’y Censoriensis; in Paris
and Ricnarpson (1916), Eopecten doultingensis; in DE GRE-
GORIO (1922); “Pecten’ flexocostilatus.

Eopecten velatus (GoLpruss 1833)
Pl 5, Figs. 4, 5, 7, 8; text figs. 137-141

Synonymy

1833 Pecten velatus sp. nov; GOLDFUSS, p. 45, pl. 90,
fig. 2.

1833 Pecten tumidus sp. nov; HARTMANN in V. ZIETEN,
p. 68, pl. 52, fig. 1.

1836 Lima maequistriata sp. nov; GOLDFUSS, p. 81,
pl. 114, fig. 10.

1836 Spondylus velatus sp. nov; GOLDFUSS, p. 94,
pl. 105, fig. +.

v 1850 Hinnites inaequistriatus sp. nov; D’ORBIGNY, v. 2,
.22,
non 1853 Humutes velatus (GOLDFUSS); MORRIS and Ly-
CETT, p. 14, ph. 2, figs. 2, 2a.
v 1858 Pecten velatns GOLDFUSS: QUENSTEDT, p. 148,

pl. 18, fig. 26, p. 184, pl. 23, fig. 3.
1858 Pecten welatus albus subsp. nov; QUENSTEDT,
p. 628, pl. 78, fig. 3.
Pecten wvelatus (GOLDFUSS); THURMANN and
ETALLON, p. 266, pl. 37, fig. 12.

non 1862

non

non

non

<

<

1862

1863

1864

1869

1872

1872

1874

1874
1874

1875

1876

1878

1881a

1881a

1881a

1883

1886d

1886

1903

1903

1904

1905

1915

1915

1915

1915

1915

1916

1926

1926

1926

1928
1933

1935

1935b

1936

1936

Hinnites inaequistriatus D’ORBIGNY; THURMANN
and ETALLON, p. 267, pl. 37, fig. 13.

Hinnites Hautcoenrt sp. nov; DOLLFUS, p. 86,
pl. 17, figs. 1, 2.

Hinnites velatus (GOLDFUSS); DUMORTIER, p. 70,
pl. 4, figs. 1-3.

Hinnites Davaer sp. nov; DUMORTIER, p. 141,
pl. 21, figs. 9, 10.

Hinnites inaequistriatus D’ORBIGNY; DE LORIOL
etal., p.391, pl. 23, fig. 2.

Hmnites velatus (Goipruss); TIFTzE, p. 108,
pl. 3, fig. 2.

Hinntes velatus (GOLDFUSS); DUMORTIER, p. 308,
pl. 62, figs. 3, 4 (non p. 195, pl. 43, fig. 6).
Hmnntes thurmanni sp. nov; BRAUNS, p. 343.
Pecten hinntiformis sp. nov; GEMMELLARO and
D1 Brasi, p.117, pl. 2, figs. 16-19.

Pecten hinnitiformis GEMMELLARO and D1 BLASI;
GEMMELLARO, p. 49.

Hunates tumidns (HARTMANN); TATF and BLAKE,
p. 365.

Hinnates astartinus GREPPIN; DE LORIOL, p. 163,
pl. 23, fig. 3.

Hinnites inaequistriatus  D'ORBIGNY; BOEHM,
p. 181, pl. 40, fig. I.

Hinnites gigas sp. nov; BOEHM, p. 182, pl. 40,
figs. 11, 12.

Hinntes subtilis sp. nov; BOEHM, p. 182, pl. 40,
fig. 4.

Hinnites cl. astartinus GREPPIN; BOEHM, p. 619,
pl. 68, figs. 7, 8.

Hunnites velatus var. irgetus var. nov; DE GREG-
ORIO, p. 20, pl. 13, figs. 1-6.

Plenronectites Aubryt sp. nov; DOUVILLE, p. 228,
pl. 12, fig. 3.

Velopecten cf. astartinus  (GREPPIN); REMES,
p- 207.pl. 19, fig. 13.

Velopecten cf. maequistriatus (D’ORBIGNY); REM-
£s, p. 207, pl. 20, fig. 1.

Himtes Bonjouri sp. nov; DE LORIOL, p. 231,
pl. 25, figs. 1, 2.

Hinntes maequistriats  (D’ORBIGNY); PERON,
p. 238.

Hinnites (Prospondylus) Dumortier: sp. nov;
ROLLIER, p. 452.

Huutes (Prospondylus) Quenstedti sp. nov;
ROLLIER, p. 453.

Hnnites (Prospondylus) Toaraensts sp. novs
ROLLIER, p. 453.

Hinnites (Prospondylus) ammoniticus sp. novs
ROLLIER, p. 461, pl. 30.

Hunntes (Prospondylus) Orbignyi sp. nov; ROL-
LIER, p. 464.

Eopecten Dumortiert sp. nov; COSSMANN, pp. 48,
49, text figs. 1, 2.

Velopecten velatus (GOLDFUSS); ARKELL, p. 549,
pl. 34, fig. 6.

Velopecten tumidus (HARTMANN); STAESCHE,
p- 117.pl. 4, fig. 7, pl. 5, fig. 4.

Velopecten velatus (GOLDFUSS); STAESCHE, p. 122,
pl. 6, fig. 11.

Velata velata (GOLDFUSS); COXN, p. 244.

Velata maequistriata  (D’ORBIGNY); DIETRICH,
p.67.pl. 8, fig. 129.

Entolium hauptsmooris sp. nov; KUHN, p. 469,
pl. 18, figs. 2a—c.

Velata velata (GOLDFUSS); Cox, p. 4, pl I,
figs. 2, 3.

Velata Bonjouri (DE LORIOL); DECHASEAUX,
p. 70, pl. 8, fig. 14,

Velata Hettangiensts sp. nov; DECHASEAUX, p. 71,
pl. 9, fig. 1.



1936 Velata twmdus (HARTMANN); KUHN, p. 250,
pl. 11, fig. 2.

1939 Velata aubryi? (DOUVILLE); STEFANINI, p. 186,
pl. 20, figs. 10, 11, pl. 21, fig. 1.

1952 Eopecten aubryi (DOUVILLE); COX, p. 52, pl. 6,
figs. 3, 4.

1965  Eopecten aubryi (DOUVILLE); COX, p. 52, pl. 6,
figs. 3, 4.

1965 Eopecten thurmanni (BRAUNS); COX, p. 53, pl. 6,
fig. 8.
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1965  Eopecten aff. albus (QUENSTEDT); CoOX, p. 54,
pl. 6, fig. 7.
non 1973 Chlamys (Velata) cfr. velata (GOLDFUSS); LEN-

TINI, p. 29, pl. 15, fig. 8.

Neotype of Pecten velatns GOLDFUSs, p. 45,
pl. 90, fig. 2 herein designated; GPIT
1592/2; P1. 5, Fig. 7 herein; L. Pliensbachian,
Eslingen, S. Germany.
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Text fig. 137:

Eopecten velatus — European distribution.

Text fig. 138:  Fopecten velatus — World distribution (Pliensbachian reconstruction).

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘Pecten testa obliqua ovato-orbiculari convexa, costis
linearibus distantibus (14) minoribus totidem intermediis
lineisque pluribus interstitialibus, lineis concentricis subtilis-
simus confertis, auriculis inaequalibus decussatim lineatis.

E montibus Herciniae et Palatinatus superioris. M. B. M.
M.

Schief eiférmig-kreisrund, flach-convex, mit 14 linien-
formigen Rippen, mit welchen eben so viel etwas niedrigere,
abgekiirzte, abwechseln. Die Zwischenraume sind mit 2-3
feinen Linien ausgetillt, und die ganze Flache mit sehr zarten,
gedringten, concentrisch Linien gegittert. Die ungleichen
Ohren haben ihnliche Rippen und Linien, und verlaufen
sanft ansteigend gegen die Hohe des Wirbels.

Findet sich bei Quedlinburg, Bayreuth und Amberg.



2. AMENDED DIAGNOSIS

Distinguished from other species of Eopecten by the dif-
ferentiation of the ornament on the left valve into costae and
striae in all but very large specimens (e. g. BM 65900; P1. 5,
Fig. 8).
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Text fig. 139:  Eopecten velatus — height/length.

3. AMENDED DESCRIPTION

Disc shape extremely variable, often irregular (Pl. 5,
Fig. 4), generally longer than high (text fig. 139), maximum
height 110 mm (OUM ]14501). Umbonal angle variable (text
fig. 140) usually increasing during ontogeny. Disc flankslow.
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Text fig. 140:  Eopecten velatus — height/umbonal angle.

Approximately equilateral to markedly inequilateral; in-
equivalve, right valve usually flat, left valve low to high con-
vexity.

Intersinal distance greater in left valve than right, very large
byssal notch with well developed ctenolium.

Auricles poorly demarcated from disc, vanable in size,
usually large with anterior (text fig. 141) larger than post-
erior. All auricles meeting hinge line at about 90°. Anterior
auricle of left valve and both posterior auricles meeting disc at
an acute angle. Anterior auricle of right valve meeting disc at
an obtuse angle.

Right valve bearing a large number (< 150) of fine radial
striae (Pl. 5, Fig. 5). Ormament of left valve very variable,
usually comprising between 15 and 20 (range 5-28) original
radial costae (see Section 4) between each pair of which are
4-6 (range 2-8) fine radial striae. Both costae and striae of var-
iable height and often sinuous (Pl. 5, Figs. 4, 7, 8).

Shell thickness variable, left valve usually thicker than
right.

4. DISCUSSION

Specimens possessing the diagnostic features of Section 2
which have been described from the L. Jurassic have a
minimum of 14 (‘Pecten’ velatus Gorpruss) and a maximum
of 24 (‘Hinnites’ Davaei DumorTIER) costae on the left valve.
Museum specimens of the same age usually possess between
15 and 20 costae. Specimens described from the U. Jurassic
may have as few as 5 (‘H.’ maequistriatis D'ORBIGNY; DE
Lorior et al.) or as many as 28 (‘P.” velatus albus QuENs.
TEDT) costae. Moreover the large number of specimens which
have been described with costal counts below the L. Jurassic
range (c. g. Eopecten thurmanni (Brauns); Cox with 8, Vel-
opecten cf. imaequistriatus (D"ORrBIGNY); Remgs with 10,
‘P.> hinnitiformis Gemmrriaro and Di Brast with 10-12,
‘H." ct. astartinus DE Lorior; Boery with 12 and E. aff. al-
bus (QuinsTent); Cox with 13) indicates that the mean
number of costae may beless in U. compared with L. Jurassic

30

AH

B IS I U N I R S—

Text fig. 141:  Eopecten velatus — anterior hinge length/height.



samples. Specimens with costal counts within the L. Jurassic
range do however exist (e. g. ‘H.” astartinus GREPPIN; DE
Lorior with 16, ‘H.’ cf. astartinus GrepriNg BoEsv with 17
and V.’ velatus (Gorpruss); StaescHe with 20) and in the ab-
sence of any evidence for a bimodal distribution suggest that
the increase in range and possible reduction in mean number
of costae 1s due to phyletic evolution within a single lineage.
All forms possessing the diagnostic features of Section 2 are
therefore included within the same species (see p. 150). Earlier
authors labelled many individual variants of this species with a
name thus a large number of synonymous taxonomic species
have been generated. It seems fuiile to set down the
peculiarities of each of these. Rather, those which are ade-
quately characterised such that, in the author’s opinion, they
undoubtedly fall within the range of Section 3,are placed in
synonymy and discussion is mainly limited to taxonomic
problems. A large number of inadequately described or
poorly illustrated secondary references to synonymous
species are excluded from the synonymy and are not taken
into consideration in subsequent sections. They may be
traced in QUENSTEDT (1843, 1852), OrreL (1853, 1858), Coo-
UAND  (1860), Trautscuorp (1861), Puirs (1871),
NEeumavr (1871), Terouenm and PieTTE (1865), BrRAUNS (1871,
1874), Tatt and Brake (1876), Borry (1881), ALtH (1882),
RoOEDER (1882), Simpson (1884), Kitian (1889), Botto-Micca
(1893), BEHrENDSEN (1893), MORICKE (1894), GrEPPIN (1898),
Kitian and GuesHarD (1905), TrAuTH (1909), SiMIONESCU
(1898, 1910), Paris and RicHarDsON (1916), FAURE-MAR
GUERIT (1920), NewtoN (1921), BrancHer (1923), ErnsT
(1923), Roman (1926), LaNQuUINE (1929), ARKELL (1930a), YIN
(1931), Cox (1935a), Decraseaux (1936), Parent (1940),
Rakus (1964), Bruvier and Gever (1966), UrLicHs (1966),
Nitzorouros (1974) and Yamant (1975). LenTints (1973) re-
cord of ‘Chlamys’ (‘Velata’) cfr. velata (Goipruss) appears
to be a misidentification of Chlamys (Ch.) textoria.

‘Pecten’ velatus Gorpruss and ‘P.° tumidus HARTVANN,
both described in 1833, appear to have equal claims to be the
senior synonym of the species described in Section 3. How-
ever, Cox (1928) has pointed out that ‘P.” tunudus Hart-
MANN is a junior primary homonym of ‘P.” tumidus TurTON
(1822) and is therefore not available. There is no trace of the
type material to ‘Pecten’ velatus in the Gorpruss Collections
of the BSPHG and GPIB. A neotype (GPIT 1592/2; P1. 5,
Fig. 7) is therefore herein designated. Goipruss (1836) also
applied the name velatus to Spondylus but his figureis clearly
of an Eopecten so this usage must be rejected as a junior sec-
ondary homonym. Cox (1965) raised QuenstEDT’s (1858)
subspecies ‘P.” velatus albus to specific rank to act as a re-
placement name tor comparable U. Jurassic forms. How-
ever, this manoeuvre is rendered superfluous by the prescat
author’s inclusion of both the 1833 and 1836 uses of velatus
Gorpruss within the same hypodigm. Perhaps as a reaction to
the evident taxonomic confusion a number of authors have
applied the name wvelatis as a blanket term to all Jurassic
Eopecten. Specimens so named in Mogrris and LyceTT (1853),
TrurMANN and Etarron (1862), DuMorTIER (1964), DE GRE-
GORIO (1886d) and ArkrrL (1926) together with some of the
specimens (see Synonymy) so named in DumorTIER (1874) are
clearly representative of E. spondyloides.

The name naequistriatus presents a similar case to that of
velatus. Cox (1965) rejected ‘H.’ inaequistriatus 0’ ORBIGNY
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(1850) as a junior secondary homonym of ‘Luna’ maequi-
striata GOLDFUSs (1836) since both species in fact belong to
Eopecten. The specific name thurmanni Brauns was adopted
for forms similar to D’ OrsIGNY’s species. However, this man-
oeuvre Is rendered unnecessary by the present author’s inclu-
sion of D’ORrBIGNY’s and Gorpruss's species within the same
hypodigm. It should be noted that the 1850 authorship of i1-
aequistriatys should undoubtedly be credited to p’Orsicny
rather than to Vourz as v Lorior et al. (1872), Boriwu
(1881), REmEs (1903), Prron (1905) and DietricH (1933) have
assumed. Vor1z’s use of the name exists only in an unavailable
manuscript form.

The original authorship of ‘H.” astartinus is that of Grep
pIN rather than or Lorior, as Bornm (1883) and Renmes (1903)
have supposed, while the original authorship ot ‘P.” tumidus
should be attributed to Hartvanw rather than v. Zieten as
Tate and Brakr (1876) have assumed.

Although they were not figured Rovruisr’s (1915) species
‘H.’ (‘Prospondylus’) Quenstedt: and ‘H.” (‘Pr.") Toarciensis
can confidently be placed in synonymy because they were
founded on specimens described in Que~nstepT (1858) which
are clearly referable to E. velatus. The same can be said for
‘H.” (‘Pr.’) Orbignyi and ‘H." (‘Pr.’) Dumortieri which were
based on specimens described in respectively Peron (1905)
and DumorTIER (1864).

5. STRATIGRAPHIC RANGE

The earliest certain records of E. velatus are from the
Planorbis zone of the Rhone (DumorTirg, 186+4) and the Het-
tangian of Belgium (DrcHaskaux, 1936). A few specimens are
known from the Sinemurian of S. Germany (GPIT) and
thereafter the species is relatively common at most horizons
until the U. Toarcian. Aalenian records are limited to aninde-
terminate (probably small) number of specimens from the
Rhone (DumorTier, 1874) and a single specimen from the
E. Paris Basin (NM). Bajocian records are similarly limited to
indeterminate numbers of specimens from Ethiopia (Douvir-
Lf, 1916) and Somalia (STEFaNINI, 1939), two specimens from
N. laly (BM L61819, L61820) and one fromS. England (BM
50552). The species is unknown from the Bathoman but is
recorded from the Callovian of NW India (Cox, 1952), E. Af-
rica (Cox, 1965), Portugal (BM LL30871) and N. England
(BM 47438). Unequivocal L. Oxfordian records are limited
to a small number of specimens from E. Africa (Cox, 1965)
but in the U. Oxfordian E. velatss occurs widely and is
common in the Yonne (Peron, 1905). Thereafter the species
occurs sporadically at most levels until the U. Tithonian
(Boenwm, 1883; Remes, 1903).

6. GEOGRAPHIC RANGE

In Europe (text fig. 137) E. velatus is a widespread species.
The paucity of records from the M. Jurassic of Europe is
temporally correlated with the appearance of the species in
E. Africa and India (text fig. 138) and probably signifies a
migration along the southern shores of Tethys, perhaps as a
result of competitive exclusion by the common European
species, E. spondvloides (see Section 8) and E. abjectus.
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7. DESCRIPTION OF ECOLOGY

E. velatus 1s first recorded in any numbers from L. Pliens-
bachian clays, marls and limestones in S. Germany, where it
reaches a maximum height of 63 mm (GPIT). In similar facies
in the Margaritatus zone (U. Pliensbachian) of the same area
the species attains a height ol 64 mm (GPIT). However, in
chamosite oolites of the Banbury Ironstone (Spinatum zone) a
height of 110 mm (OUM ]14501) is reached, although speci-
mens are rare (assoc. fauna p. 16). In the widespread
bituminous shale factes of the L. Toarcian E. velatus is simi-
larly rare but in the U. Toarcian marls and limestones of
S. Germany the species is relatively common, reaching amax-
imum height of 41 mm (GPIT). The associated fauna consists
mainly of ammonttes and belemnites. An isolated specimen
from the Toarcian of France (BM 65900) reaches a height of
75 mm while in the M. Jurassic, when E. velatus is rare in
Europe, aspecimen from the Aalenian of France (NM) attains
a height of 101 mm.

In the U. Oxfordian E. velatus is reported to occur com-
monly in reef limestones in the Yonne (Prron, 1905) where
E. spondyloides seems to be rare (assoc. fauna p. 88). It also
occurs in similar facies in the Jura, reaching a maximum
height of 70 mm (pe Lorior, 1904) but is rare in the U. Ox-
fordian of England where E. spondyloides is common. In the
Kimmeridgian E. velatus is found sporadically in the faun-
ally depauperate marls and limestones of Switzerland
(pE Lorior, 1878) and S. Germany (StarscHE, 1926) where it
reaches a maximum height of 75 mm (GPIT). In the
L. Tithonian E. velatus returns to reef facies in Sicily (Genm-
veLLaro and Di Brasi, 1874; GemwviriLaro, 1875) where,
however, E. spondylotdes is a much more abundant species.
In the U. Tithonian £. velatus appears to be common in the
Stramberg coral reef (assoc. fauna p. 88) reaching a max-
imum height of 84 mm (Bornm, 1883; Renmes, 1903).

The great majority of museum specimens are left valves and
those from argillaceous horizons such as the U. Toarcian and
Kimmeridgian (e. g. OUM J33475, BM unnumbered, GPIT)
often show xenomorphic ornament derived from ammonites
(Pl. 5, Fig. 4). Apart from those cases discussed above
E. velatus is an infrequent species.

8. INTERPRETATION OF ECOLOGY

It is apparent from Section 7 that throughout most of its
range £. velatus was an mhabitant of argillaceous facies. In
some cases the soupy substrates characteristic of such facies
seem to have been avoided by means of fixation to the hard
shells of ammonites. However, far from all specimens show
evidence for such a mode of life. Moreover, E. velatus is con-
spicuously rare in argillaceous deposits such as occur in the
U. Jurassic of the peri-Mediterranean region and the
L. Toarcian of N. Europe where ammonites are abundant
but benthos is very sparse. Attachment to the living pelagic
ammonite therefore seems improbable and it is more likely
thatsome benthic element, probably bivalves, constituted the
usual attachment site while dead ammonite shells resting on
the sea floor provided an acceptable, if not ideal, alternative
where benthos was restricted (e. g. U. Toarcian and Kim-
meridgian marls and limestones). Viewed in these terms the
abundance of E. velatus in some reefs can be seen as a re-

sponse to the abundance of hard bodied benthic elements (in-
cluding bivalves) providing numerous suitable attachment
sites. The absence or rarity of the species in other coralliferous
horizons (e. g. U. Oxfordian of England, L. Tithonian of
Sicily) is correlated with the presence of numerous E. spon-
dyloides and is therefore suggestive of a competitive reaction
(see Section 6). There seems to be no definite correlation be-
tween facies type and the maximum size of E. velatus.

Irregularly shaped Recent morphological analogues of
E. velatus include Pedum spondyloidenm, a species which
lives byssally attached deep within coral heads (Yoncr, 1967;
WALLER, 1972b), and Hinnites multivugosus, a species which
cements its right valve to rocks and other bivalves (Yonce,
1951).

9. FUNCTIONAL MORPHOLOGY

The extremely large byssal notch of E. velatus implies that
byssal fixation could have been maintained throughout on-
togeny. The reduced ornamentation of the right valve is adap-
tive for tight byssal fixation and the general irregularity of
shape, occasional presence of undoubted xenomorphic orna-
ment,and restriction of serpulid encrustation to the left valve
indicates that the right valve was indeed closely applied to the
substrate for long periods. The variability of shell form led
many earlier authors to presume a cemented mode of life simi-
lar to that of Hinnites, to which genus the species was thus as-
signed (see Synonymy). The paucity of right valves also seems
to argue for this hypothesis. However, Cox (1942) in asurvey
of Eopecten right valves, including those of E. velatus, was
unable to find positive evidence of cementation. Moreover,
A. SEiLACHER (pers. comm., 1977) has observed discon-
unuities in the pattern of xenomorphic ornament derived
from ammonites which imply movement of the shell. Thus
tight fixation must have been effected solely by a renewable
byssus rather than by a byssus and a permanent cement. The
rarity of right valves mav be explained by their relative thin-
ness and increased suscepubility to breakage.

Pedum spondyloidenm and crevice-dwelling individuals of
Huinnites multirugosus (see Section 8) show ventral migration
of the hinge line as an adaptation to living in confined spaces
where both valves make contact with the substrate upon gap-
ing. This feature has not been observed in E. velatus so it
would seem that the species did not occupy such mi-
crohabitats. Due to the considerable height attained (84 mm),
it is doubtful whether £. velatns could have been byssally
supported from above in reef facies. In the lack of evidence for
crevice/fissure dwelling it would appear that the species must
have attached to roughly horizontal upward-facing surfaces.

10. ORIGINS AND EVOLUTION

Since E. velatus is first recorded from the Planorbis zone
its origins probably lie in the Trias. Staescue (1926) con-
sidered that Chlamys dispar (2 = Ch. (Ch.) valoniensis q. v.)
was ancestral but Decraseaux (1936) has pointed out that the
Trias species ‘Pecten’ Morrissit and ‘P.” Albertii are very
similar to Eopecten and these represent a more plausible root
stock.

E. wvelatus apparenty undergoes a phyletic increase in
range and reduction in mean number of costae in the passage



from L. to U. Jurassic (see Section 4). Maximum height fol-
lows an oscillatory course in the passage from L. Pliens-
bachian (63 mm) to U. Pliensbachian (110 mm) to Toarcian
(75 mm) to Aalenian (101 mm) to Oxfordian (70 mm) to
Kimmeridgian (75 mm) to Tithonian (84 mm).

Eopecten spondyloides (RoeMER 1836)
PL 5, Figs. 9-14, P1. 6, Figs. 2, 4, 7, ?Fig. 1; text figs. 142144

Synonymy

1822 Ostrea ¢; YOUNG and BIrD, pl. 10, fig. 3.
pvi? 1836 Spondylus tuberculosus sp. nov; GOLDFUSS, p. 93,

pl. 105, figs. 2a, 2b.

1836 Awicula spondyloides sp. nov; ROEMIR, p. 87,
pl. 13, figs. 14a, 14b.

1850  Awicula jason sp. nov; D'ORBIGNY, v. 1, p. 313
(BOULE, 1912, v. 7, p. 161, pl. 2, figs. 17-19).

1850  Awicula janthe sp. nov; D'ORBIGNY, v. 1, p. 313
(BOULE, 1912, v. 7, p. 162, pl. 1, figs. 47, 48).

1850  Hinnites Psyche sp. nov; D’ORBIGNY, v. 1, p. 314
(BOULE, 1912, v. 7, p. 165).

v* 1850 Hunnites Pamphilus sp. nov; D'ORBIGNY, v. I,
p. 342 (BOULE, 1925, v. 14, p. 161, pl. 20, fig. 14).
v* 1850  Hinnites Paniscus sp. nov; D’ORBIGNY, v. 1, p. 342

(BOULE, 1925, v. 14, p. 161, pl. 20, fig. 13).
1853  Hinnutes velatus (GOLDFUSS); MORRIS and Ly-
CETT, p. 14, pl. 2, figs. 2, 2a (non GOLDFUSS sp.).
1853 Hinnites tegulatus sp. nov; MORRIS and LYCETT,
p- 14, pl. 2, figs. 3, 3a.
1855 Hinnites abjectus (PHILLIPS); MORRIS and LYCETT,
p- 125, pl. 14, fig. 3 (non PHILLIPS sp., non pl. 9,
fig. 7).
1858 Pecten tuberculosus Gingensis subsp. nov; QUEN-
STEDT, p. 379, pl. 51, fig. 4 ?GOLDFUSS sp.).
Pecten tuberculosus (GOLDFUSS); QUENSTEDT,
p. 434, pl. 59, figs. 9, 10.

1859 Pecten Parisoti sp. nov; CONTEJEAN, p. 313,
pl. 23, figs. 19-21.

1862  Hinnites velatus (GOLDFUSS); THURMANN and
ETALLON, p. 266, pl. 37, fig. 12 (non GOLDFUSS
sp-)-

v* 1863 Hinwmtes fallax sp. nov; DOLLFUS, p. 85, pl. 15,
fig. 14, pl. 16, figs. 9, 10.

1864 Hinnites velatus (GOLDFUSS); DUMORTIER, p. 70,
pl. 4, figs. 1-3 ( non GOLDFUSS sp.).

1867  Hinnites Gingensis (QUENSTEDT); WAAGEN,
p- 633, pl. 31, figs. 1a, 1b, 2a, 2b.

1872 Hinnites fallax DOLLFUS; DELORIOL et al., p. 394,
pl. 23, fig. 3.

1872 Hinnites Cornueli sp. nov; DE LORIOL in DE LO-
RIOL et al., p. 395, pl. 23, fig. 4.

1874 Hnnitesvelatns (GOLDFUSS); DUMORTIER, p. 195,
pl. 43, fig. 6 (non GOLDFUSS sp.; non p. 308, pl. 62,
figs. 3, 4.).

1875 Hinnites Lorioli sp. nov; GEMMELLARO, p. 63,
pl. 7, fig. 2.

1886d  Hlinnites velatus var. irgetus var. nov; DE GREG-
ORIO, p. 20, pl. 13, figs. 1-6 (non GOLDIUSS sp.).

1888  Hmnites clathratus sp. nov; SCHLIPPE, p. 136,
pl. 2, fig. 2.

1893 Hinnites Cornueli DE LORIOL; DE LORIOL and
LAMBERT, p. 145, pl. 10, figs. 10, 11.

1893 Hunnites? spondyloides (ROEMER); DE LORIOL,
p. 314, pl. 33, figs. 9, 10.

1893 Hmmtes? Lepidus sp. novi DE LORIOL, p. 316,
pl. 33, figs. 11, 12.

1898 Pecten (Velopecten) Sarthensis sp. nov; E. PHIL-
IPPL, p. 602, pl. 19, fig. 1.

non 1858
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1905 Hinnites Cornueli DE LORIOL; PERON, p. 239,
pl. 10, fig. 11.
1905 Hinnites cf. spondyloides (ROEMER); PERON,
p. 240, pl. 10, fig. 12.
1906 Eopecten tegulata (MORRIS and LycCEeTT); COss-
MANN, p. 2, pl. 1, figs. 3-5.
1912 Eopecten Psyche (D’ORBIGNY); DAL P1AzZ, p. 247,
pl. 2, figs. 1a, 1b.
1915 Hinnites (Prospondylus) Ernii sp. nov; ROLLIER,
pp. 448, 465, pl. 30, figs. 1.
1915 Hinnites (Prospondylus) oolithicus sp. nov; RoL-
LIER, p. 455.
1915 Hinnites (Prospondylus) Morrisi sp. nov; ROLLIER,
p. 455,
1915 Hinnites (Prospondylis) Peroni sp. nov; ROLLIER,
p. 460.
1915 Hinnites (Prospondylus) astartinus sp. nov; ROL-
LIER, p. 462.
1915 Hinnites (Prospondylus) Aeberbardti sp. nov;
ROLLIER, p. 447, pl. 29, figs. 3, .
1923 Pecten (Velata) sp. nov; ERNST, p. 60, pl. 1, fig. 12.
1923 Eopecten tuberculosus (GOLDFUSS); LISSAJOUS,
p. 157 (> GOLDFUSS sp.).
1926 Velopecten Gingensis (QUENSTEDT); STAESCHE,
pe120%
v 1926 Velopecten Jason (D’ORBIGNY); STAESCHE, p. 121,
pl. 5, fig. 3, pl. 6, fig. 12.
v 1926 Velopecten spondyloides (ROEMER); STAESCHE,
p- 124, pl. 6, fig. 10.
1926 Velopecten velatus (GOLDFUSS); ARKELL, p. 549,
pl. 34, fig. 6 (non GOLDFUSS sp.).
Velata anglica sp. nov; ARKELL, p. 120, pl. 9,
figs. 1, 1a, 2.
1931a  Velata wiltoniensis sp. nov; ARKELL, p. 123, pl. 9,
figs. 3, 3a.
Velata tubercilosa (GOLDFUSS); DECHASEAUX,
p. 68, pl. 9, fig. 2.
1936 Velata Gingensis (QUENSTEDT); DECHASEAUX,
p. 68.
1936 Velata Cornueli (DE LORIOL); DECHASEAUX,
p.70.
1936 Velata fallax (DOLLFUS); DECHASEAUX, p. 71.
1948 Velata tegulata (MORRIS and LYCETT); COX and
ARKELL, p. 15.
1952 Eopecten tegulatus (MORRIS and LYCETT); COX,
p- 29, pl. 3, figs. 5-7.

v¥ 1931a

non 1936

The type material of Avicula spondyloides
ROEMER, 1836, p. 87, pl. 13, figs. 14a, 14bis
probably in the RoenmEer-PELIZAEUS-Museum,
Hildesheim, W. Germany. It was derived
from the Oxfordian of N. Germany.

I. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘A. valva dextra oblique ovato-orbiculari fornicata 20-30
costulata, ala antica obsoleta postica depressa permagna cos-
tulata, costulis subnodulosis, sulcis interstitialibus linea or-
nats.

Die allein vorliegende rechte Schale ist breit-eirund, fast
kreisrund, hoch gewolbt und hinten durch starke Nieder-
biegung in einen groflen Fligel ibergehend. Die ganze
Oberfliche ist mit 20 bis 30 scharfen, etwas knotigen Rippen
bedeckt, in deren Zwischenriumen man eine deutliche Lings-
linie bemerkt. Der etwas zugespitzte Buckel liegt ziemlich in
der Mitte.

Findert sich 12 bis 18 Linien groff im unteren Coral rag bei
Heersum und im mittleren Coral Rag bei Hannover. Die Gat-
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tungskennzeichen haben noch nicht genau untersucht werden
konnen.*

2. AMENDED DIAGNOSIS

Distingusihed from E. velatis by the tendency, on the left
valve, for intercalary costae to rapidly gain the same height as
originals. Distinguished from E. abjectus by the similarity in
height of the original costae.

N [zL0m00e]

| L ]
301

| .

AH

- a
204

— ‘ o

v i
o
o
a

10 77T 1

20 40 H 60 80

Text fig. 142: Eopecten spondyloides — anterior hinge
length/height.

3. AMENDED DESCRIPTION

Essentially very similar to E. velatrs in its often irregular
shape (e. g. PL. 5, Fig. 10) and variable H/L and AH'H (text
figs. 143, 142). The main difference lies in the radial ornament
ol the left valve which consists of about 20 original costae
which are continually added to by the intercalation of new
costae (rapidly gaining the same height as originals) such that
at H: 10 there are between 22 (OUM J34325) and 32 (YM 679)
costae, at H: 20 between 30 (OUM J34325) and 48 (YM 679)
costae, at H: 30 between 40 (YM 442) and 56 (OUM ]34325)
costae, at H: 50-60 over 100 costae (ARsELL, 1931a) and so on.
The left valve of E. spondyloides also exhibits small, closely
spaced imbricate lamellae on the costae unlike the left valve of
E. velatus which bears only growth lines in addition to the
costae.

The maximum height of £. spondyloides is 140 mm
(WaacrN, 1867).

4. DISCUSSION

Asin E. velatus the extreme variability in shape and orna-
ment ol the species described in Section 3 has resulted in the
proliferation of a vast number of specific names, in many cases
based on a very small number of specimens. Those species
which are, in the author’s opinion, adequately characterised
(by means ol available types, clear illustrations or detailed de-
scriptions) such that there can be no doubt as to their affinity

with the species described in Section 3, are placed in
synonymy but not discussed, it being deemed of little value to
attempt to describe individual variants. Secondary references
to these species are only included in the synonymy where
there can be no doubt as to their systematic position.
Equivocal secondary references may be traced in TErRQUEM and
Jourpy (1869), pr Lorior and PriiaT (1875), SIEMIRADZKI
(1893), Cossmann (1900, 1907a, 1914, 1922), Paris and
RicHARDSON (1916), Lissajous (1923), LanouiNe (1929), De-
cHASFAUX (1936), J.-C. FiscHer (1964) and Bernver and GEYER
(1966).

Although the author has been unable to examine the
holotype (M) of ‘Avicitla’ spondyloides Roemer there can be
little doubt from the illustration that it is an example of the
species described in Section 3. The holotype (M) of Spon-
dylus tuberculosus Gorpruss (BSPHG AS VII 640; Pl 6,
Fig. 1), a species erected in the same vear as RopMER’S, shows
some resemblance to the species described in Section 3 but its
rather coarse ornament and high convexity suggest thatitisin
fact an example of Eopecten abjectus. As the earliest specific
name erected for an undoubted example of the species de-
scribed above, ‘A.” spondyloides is herein taken to be the
senior synonym.

QuENSTEDT (18585 ‘Pecten’ tuberculosus Gingensis only)
and Lissajous (1923) have used Gorpruss’ specific name for
examples of Fopecten spondyloides; ‘Pecten’ tuberculosus
(Gorpruss); QUENSTEDT is representative of E. abjectus while
‘Velata’ tuberculosa (Gorpruss); DEcHASEAUX is apparently
an example of Ctenostreon.

The frequent misapplication of the name velatus GoLpruss
to E. spondyloides (see Synonymy) is discussed under
£. velatus and Mogrris and Lycert’s (1853) incorrect use of
‘Hinnites” abjectrs (PriLuirs) is discussed under E. abjects.

“H.” (‘Prospondylus’) astartinus RoLLier should be rejected
as a junior secondary homonym of ‘H.” ustartinus GREPPIN
(= E. velatus).
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Text fig. 143:  Eopecten spondyloides - height/length.



Although unfigured and inadequately described, RoLiizr’s
(1915) species ‘H.’ (‘Pr.") oolithicus, ‘H.” (‘Pr.”) Morrisi, ‘H.’
(‘Pr.’) Peroni and ‘H.” (‘Pr.’) astartinus are based on speci-
mens figured in respectively Mogrris and Lycett (1853, 1855),
Peron (1905) and pe Lorior and Lamsert (1893) which are
clearly referable to E. spondyloides.

5. STRATIGRAPHIC RANGE

Two rather poor specimens from the Sinemurian of Bel-
gium (BM LL8605, LL8606) may be early representatives of
E. spondyloides. The first certain records are however from
the L. Toarcian when the species is recorded rarely from the
Rhone basin (DumorTier, 1874). Di GreGorio’s (1886d)
record from N. Haly may be from a similar horizon. U. Toar-
clan records are limited to a single specimen from N. W.
Germany (Ernst, 1923) but in the Aalenian a number of
specimens are known from France and England. £. spon-
dyloides is quite common in the Bajocian and Bathonian but
the only records from the Callovian are two specimens from
France (MNO 3402B, 3403) and seven from N. W. India
(Cox, 1952). The species becomes common again in the Ox-
fordian but Kimmeridgian reports, although widespread,
seem, where abundances are known, to be of very small num-
bers of specimens, e. g. in France, two from Le Havre (BM
LL13478; ENSM L336, PL. 6, Fig. 2), one from Montbé¢liard
(ConTejeaN, 1859) and one from La Rochelle (N. J. Morris
Collection, BM). The species is reported to be common in the
L. Tithonian of Sicily (Gemmerraro, 1875) and is known
from the Tithonman of S. Germany (Starsche, 1926) and
Stramberg in Czechoslovakia (BM LL23888; Pl 6, Fig. 4).

6. GEOGRAPHIC RANGE

E. spondyloides occurs widely in Europe (text fig. 144).
Outside Europe, the only record is from the Callovian of N.
W. India (see Section 5). This occurrence, matched with the
rarity of the species in the Callovian of Europe, may signify an
emigration, perhaps because of the widespread development
of unfavourable argillaceous facies (see Section 8).
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7. DESCRIPTION OF ECOLOGY

Although fairly widespread in the Aalenian E. spon-
dylotdes isnotably rare in the chamositic oolites of the North-
ampton Sand Ironstone, in which E. abjectus frequently oc-
curs. Only three specimens (BM 82394, L25732, unnum-
bered; the first attaining a height of 63 mm) are known from
this horizon.

E. spondyloides isfound at most levels in the Bajocian but is
most common in the L. Bajocian Lincolnshire Limestone and
the Sowerbyi-Banke of S. W. Germany (Staescue, 1926),
where it reaches a maximum height of 140 mm (Waacen,
1867). The sediments in the latter case are condensed marly
oolites containing few ammonites but a diverse benthic fauna,
mainly consisting of bivalves (including occasional examples
of E. abjectus).

Many levels were colonised in the Bathonian (Cox and Ar
KELL, 1948) but the species seems to be commonest in the
L. Bathonian Minchinhampton Beds, grain supported oolites
containing a diverse bivalve and gastropod fauna but very few
ammonites (Morris and Lycett, 1851-55). The maximum
height attained 1s 49 mm (BM LL847). Two specimens (BM
65909, 65913) are known from coral containing beds
(Couches a Polypiers) in the Bathonian of Normandy.

In the Oxfordian E. spondyloides is quite common at most
horizons and reaches a maximum height of 116 mm (OUM
J8255). The author has collected numerous examples (reach-
ing a maximum height of about 75 mm) from the Coral Rag
(Transversarium zone) of Whitewall Corner Quarry near
Malton, Yorkshire, where the species occurs in a tough porcel-
lanous limestone crowded with corals (Thamnasteria, Rhab-
dophyllia, Thecosmilia and Stylina) and a reef-derived fauna
including  Ctenostreon, Lithophaga the
phenotype of Chlamys (Ch.) textoria together with the regu-
lar echinoid Cidaris (J. WricHT, 1972). E. velatus is un-
known. Similar facies characterise occurrences in the Unterer

and ‘coarse’

Korallenoolith (Plicatilis zone) of N. W. Germany (RogMeR,
1836) and the Ringstead Coral Bed (Pseudocordata zone) in
Dorset (BM 73077). However, in coral reef facies in the
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U. Oxlordian of the Yonne where E. velatus 1s common,
E. spondyloides appears 1o be rare.

In the Kimmeridgian the maximum height of 92 mm
(ENSM L336) is attained in clay facies (Dorirus, 1863).
However, the majority of reports seem to be from corallifer-
ous deposits, e. g. the Tafel Jura (Contrjran, 1859),
Haute-Marne (01 Lorior et al., 1872) and Charente
Marinime (N. J. Morris Collectuon, BM).

In reefal limestones in the L. Tithoman of Sicily (fauna p.
88) E. spondyloides is reported to be very common, reach-
ing a maximum height ol 71 mm, while E. velatus appears to
be comparatively rare (GenveLLARO, 1875). In similar facies
in the U. Tithonian at Stramberg E. velatus seems to be
common but only one definite specimen of E. spondvyloides is
known (BM LL23888; H: 46.5). Starscur (1926) records the
species from oolites (Brenztaloolith) of the same age in
S. Germany which pass laterally into coral/Diceras facies
(ARKELL, 1956).

E. spondyloides is rare in argillaceous deposits at all times.
Only two specimens (BM L1 13478, ENSM L336) are known
from the Kimmeridge Clay and two from the Oxford Clay
(SM ]26440, J6441). Dunviortier (1874) records only rare
specimens from L. Toarcian clays in the Rhone. Of these a
high proportion are said to bear xenomorphic ornament de-
rived from ammonites. The only records from the M. and
U. Jurassic ol the peri- Mediterranean area, where sedimenta-
tion was predominantly pelagic, are from N. {taly (Dr Gre-
GORI0, 1886d, Dar Piaz, 1912) where aguyot was probably in
existence.

The great majority: of museum specimens of E. spon-
dyloides are left valves.

S. INTERPRETATION OF ECOLOGY

The usual occurrence of F. spondyloides in oolitic and
reefal limestones indicates a preference for high energy condi-
tions. Absence of the species from L. Bajocian reefs in the
E. Paris Basin (Harav, 1975b), presence of a lew specimens
in Bathonian coralliferous deposits and relative abundance in
U. Jurassic coral reefs suggests an evolutionary change in the
favoured habitat from level bottom oolites to upstanding
reefs. in this connection it should, however, be noted that
Spondylopecten species, which are frequently reefassociated,
are absent from the L. Bajocian structures and this may indi-
cate that the lack of E. spondyloides is due to some unfavour-
able feature of these reefs (e. g. dense structure, see p. 89)
rather than a preference for contemporaneous oolites. Furth-
ermore, the widespread occurrence of E. spondyloides in the
Oxfordian of England and the tvpically small size and
localised distribution of coral reefs suggests that at least some
records bear no relation to the existence of reefs. Moreover,
the virtual restriction of the species to reef and reef-derived
sediments in the U. Jurassic of continental { urope may sim-
plv be aresultot the general development of unfavourable low
energy, argillaceous facies elsewhere. Epifaunal bivalves
probably afforded suitable attachment sites in level bottom
environments and the abundance of E. spondyloides in reefs
could be more a consequence of the abundance of bivalves
rather than of a direct relationship with corals. The evolution-

ary trend suggested above may therefore be more apparent
than real.

Although a high proportion of the relatively few examples
of E. spondyloides from the L. Toarcian of the Rhone show
evidence of having been attached to ammonites, the abun-
dance of the species in deposits in which ammonites are rare
and the fact that only two other specimens (YM 442 from the
Inferior Oolite of Dorset, GPIT from the Bajocian/Batho-
nian of S. Germany) with ammonite-derived xenomorphic
ornament are known, indicates that ammonites did not pro-
vide 1deal attachment sites but constituted a considerably less
favourablealternative to bivalves. By analogy with E. velatus
it ts probable that ammonites were only used for attachment
when thev had sunk to the sea floor after death.

The inverse relationship between the numbers of E. spon-
dyloides and E. velatus in U. Jurassic reefs is good evidence
for competition. The dominent species at any one locality was
presumably determined by priority. A similar reaction seems
to have occurred between E. spondyloides and E. abjectus in
M. Jurassic oolites.

There is no obvious relationship between size and facies in
E. spondyloides. {ts usual occurrence, in moderate numbers
with a high diversity fauna, suggests thatit was an equilibrium
species (LEVINTON, 1970).

9. FUNCTIONAIL. MORPHOLOGY

Since 1 all important morphological respects E. spon-
dyloides 1s identical to E. velatus the interpretation of func-
tional morphology offered for the latter will serve here.

10. ORIGINS AND EVOLUTION

The most likely ancestor for E. spondyloides s E. velatus.
A large (H: 75) specimen of the latter (P1. 5, Fig. 8) exhibits,
in late ontogeny, ornament which closely resembles that of
the early ontogeny of E. spondyloides. Thus trans-specific
evolution could have occurred by the relatively ‘simple’ pro-
cess (Goutp, 1977) of the acceleration (recapitulation) of the
development of ornament with respect to size.

There are no directional changes in morphology within
E. spondylordes. Maximum height oscillates from 63 mm
(Aalenian) to 140 mm (Bajocian) to 49 mm (Bathonian) to
55 mm (Callovian, Macrocephalus zone; Cox, 1952) to
116 mm (Oxfordian) to 92 mm (Kimmeridgian) to 71 mm
(Tithonian). The Callovian value is derived from a rather
small sample so it is likely that the maximum height recorded
in the stage will be increased on further collecting.

Eopecten abjectus (PriLLips 1829)
Pl. 6, Figs. 3,5, 6, 8,9, ?Fig. 1; text fig. 145

Synonymy

1829 Pecten abjectus sp. nov; PHiLLIPS, pl. 9, fig. 37.

1835  Pecten abjectus PHILLIPS; PHILLIPS, pl. 9, fig. 37.
pve? 1836 Spondylus tuberculosus sp. novi GOLDFUSS, p. 93,

pl. 105, figs. 2a, 2b.

1855 Hmnites abjectus (PHILLIPS); MORRIS and LYCETT,
p- 125, pl. 9, fig. 7 (non pl. 14, fig. 3).
Pecten tuberculosus Gingensis subsp. novi QUEN-
STEDT, p. 379, pl. 51, fig. 4 (?GOLDFUSS sp.).

non 1858



v 1858  Pecten tuberculosus (GOLDFUSS); QUENSTEDT,

p. 434, pl. 59, figs. 9, 10.

1863 Hinnites gradus sp. nov; BEAN in LYCETT, p. 35,
pl. 33, figs. 10, 10a.

1883 Hinnites abjectus (PHILLIPS); DE LORIOL and
SCHARDT, p. 72, pl. 10, figs. 12, 13.

1910  Eopecten gradus (BEAN); LISSAJOUS, p. 351.

1910 Eopecten abjectus (PHILLIPS); Lissajous, p. 351,
pl. 9, fig. 14.

1916 Eopecten abjectus (PHILLIPS); PARIS and RICHARD
SON, p. 530.

1923 Eopecten Gradus (BEAN); LISSAJOUS, p. 157.

non 1923 Eopecten tuberculosus (GOLDFUSS); LISSAJOUS,

p- 157 (?GOLDFUSS sp.).

1926 Velopecten abjectus (PHILLIPS); STAESCHE, p. 119.

1936  Velata abjecta (PHILLIPS); DECHASEAUX, p. 68.

1936 Velata gradus (BEAN); DECHASEAUX, p. 69.

1948 Velata gradus (BEAN); COX and ARKELL, p. 15.

No trace of the type material of Pecten
abjectus Prirties 1829, pl. 9, fig. 37 has yet
been found despite considerable searching in
e. g. the Prnies Collections at OUM and
YM. The figured specimen was said by
PricLies to be from the Yorkshire Gt. Oolite
(Bathonian). This seems unlikely in view of
the non-marine facies; a Bajocian or Aalenian
age is more probable.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

None given.

2. DIAGNOSIS

Disting{xished from E. spondyloides by the tendency for
two median costae to be considerably larger and bear tuber-
cles. Distinguished from E. velatus by the tendency for in-
tercalary costae to rapidly gain the same height as original cos-
tae.

3. DESCRIPTION

Essentially very similar to E. spondyloides apart from the
diagnostic features. The number of costae on the left valve is
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however usually much smaller (e. g. 40 at H: 53.5, OUM
J2291) at equivalent size,and convexity, although very vari-
able, is usually much higher (C;: 21.5 at H: 58, BM 70686).
The maximum height 1s 127.5 mm (GPIT).

4. DISCUSSION

PriLeies’ (1829) figure of ‘Pecten’ abjectus in the first edi-
tion of Geology of Yorkshire is a poor illustration of a
coarsely ornamented Eopecten. There is little sign of the
larger tubercle-bearing costae diagnostic of the species de-
scribed in Section 3. The figure in the second edition (1835),
while undoubtedly of the same specimen, is considerably
clearer and yields a costal count of 36 at H: 37. This is a
reasonable value for the species described in Section 3 and
well below the lower limit of variation in E. spondyloides, the
only species with which there is any possibility of confusion.
The original specimen seems to have been lost (see above) but
in the light of the above evidence it can be assumed to have
been a variant of the species described in Section 3 with rela-
tively undeveloped median costae. The majority of subse-
quent usage of Prirries” specific name (see Synonymy) has
been for representatives of the species described in Section 3
thus there would be good grounds for designating as neotype
a typical example of this species.

One of the figures (pl. 14, fig. 3) of ‘H." abjectus in Mor-
ris and Lycerr (1855) depicts a specimen with the more
numerous and regular costae characteristic of E. spon-

dyloides.

Lissajous (1910) states that the specific name gradus Bean
dates from the latter’s paper in Ann. Mag. Nat. Hist.
(1839). However, there is no reference to the species in this
paper and the earliest reference to it would therefore appear to
be in LyceTT (1863), where a specimen which clearly belongs

to E. abjectus, is described and figured as ‘P.” gradus Bean.
‘Spondylus’ tuberculosus Gorpruss and secondary usages of

this specific name are discussed under £. spondyloides.

secondary references to

synonymous species are excluded from the synonymy be-

Inadequately characterised

cause of the possibility of misapplication to E. spondyloides.
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Text fig. 145: Eopecten abjectus — European distribution.
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They may be traced in Opper (1858), RorHrietz (1886),
Schrwere (1888), Kinian and Guesnarp (1905), Hennig
(1924), LanQuinE (1929), Parent (1940), Crannon (1950)
and J.-C. FiscHEr (1969).

5. STRATIGRAPHIC RANGE

A single specimen from the U. Pliensbachian of Yorkshire
(BM 47353; PL. 6, Fig. 9)is the earliest record of E. abjectus.
Thereafter the species is unknown until the Aalenian when it
becomes locally quite common, continuing thus until the
U. Bajocian. Unequivocal Bathonian records (Morris and
Lycrrr, 1855; DE Lorior and ScHARDT, 1883; Lissajous, 1923;
STAESCHE, 1926; DEcHASEAUX, 1936; Cox and ARKELL, 1948)
are fairly widespread in Europe but the species does not ap-
pear to be common anywhere. Callovian records are limited
to a single specimen from the Macrocephalus zone of Scar-
borough (Lycerr, 1863) and unfigured and therefore ques-
tionable specimens (see Section 4) from the Maritime Alps
(Kiian and GuesHArD, 1905). Morris and LyceTr’s (1855) re-
cord from the ‘Coralline Oolite of Malton’ (Oxfordian) is un-
supported by a figure of a specimen from this horizon.

6. GEOGRAPHIC RANGE

The distribution of E. abjectus in Europe (text fig. 145) is
largely dependent on the occurrence of the appropriate
sedimentary lacies (see Section 8). The only records [rom
outside Europe are a single specimen from the U. Bathonian
of N. W. India (BM L75269) and unfigured and therefore
questionable specimens (see Section 4) from the ‘Lower Dog-
ger’ of Tanzania (Henwic, 1924).

7. DESCRIPTION OF ECOLOGY

E. abjectus first occurs commonly in the Northampton
Sand Ironstone (Opalinum zone), a condensed chamosite
oolite containing few examples of E. spondyloides but an
otherwise abundant and diverse fauna. The maximum height
attained 15 95 mm (BM 82385). £. abjectus is markedly less
common in the Sowerbyi-Banke, a somewhat similar con-
densed, ferruginous, marly oolite containing numerous ex-
amples of E. spondyloides, in the L. Bajocian of S. W. Ger-
many. Maximum height (127.5 mm, GPIT) is however con-
siderably greater.

Lissajous (1923) reports the species to be common in fer-
ruginous oolites of the Parkinsoni zone (U. Bajocian) in the
Maconnais. E. spondyloides appears only to occur in the
Toarcian and Bathonian in the same area. In the U. Bajocian
of Swabia E. abjectus reaches a maximum height of 75 mm
(GPIT).

[t is clear from the foregoing that condensed ferruginous
oolites constituted the most favourable substrate for E. ab-
jectus. The species is not known to be common outside this
facies. Paris and RicHarDsON (1916) report the species to be
common in the Pea Grit (Murchisonae zone), a pisomicrite in
the Cotswolds, but thisis not reflected in museum collections
or supported by the present author’s field observations.

8. INTERPRETATION OF ECOLOGY

The usual occurrence of E. abjectus, in condensed fer-
ruginous oolites, indicates a preference for high energy condi-
tions with minimal terrigenous input. The inverse correlation
in numbers of E. abjectus and E. spondyloides in such facies
is strongly suggestive of competition, with dominance at any
one locality being presumably determined by priority.

The characteristic field occurrence of E. abjectus, in mod-
erate numbers with a high diversity fauna, suggests that it was
an equilibrium species (LEvinTON, 1970).

9. FUNCTIONAL MORPHOLOGY

Since the species are in all important respects identical, the
interpretation  of functional morphology presented for
E. velatus is of equal relevance to E. abjectus. Itis extremely
doubtful whether the coarser ornament of the latter conferred
any useful additional strength and stiffness on the shell which,
being thick, must already have been robust enough to cope
with most eventualities. The coarser ornament is more proba-
bly a non-functional by-product of neoteny in the origin of
the species (see Section 10).

No specimens of E. abjectus bearing the xenomorphic or-
nament of ammonites have been discovered. It therefore
seems likely that benthos provided the sole source of sites for
byssal attachment.

10. ORIGIN AND EVOLUTION

On the basis of morphology the most likely ancestor for
E. abjectus is E. spondyloides. However, validation of this
hypothesis of derivation must await the discovery of un-
doubted specimens of E. spondyloides from the L. Lias (see
Section 5). Since the relatively coarse ornament of E. abjec-
tus resembles the juvenile ornament of E. spondyloides it is
possible that trans-specific evolution involved the retardation
of ornamental development with respect to size (neoteny).
There is however no basis of allometry in £. spondyloides to
allow derivation of the large tuberculate median costae in
E. abjectus by heterochrony. Speciation therefore probably
involved changes in the structural as well as the regulatory
genome.

There appear to be no phyletic changes in morphology
within E. abjectus. Maximum height shows no directional
change in the passage from Aalenian (95 mm) to L. Bajocian
(127.5 mm) to 75 mm (U. Bajocian).

A possibility of neoteny in the ongin of E. abjectus to-
gether with the subsequent highly developed stenotopy is in-
dicative of the prevalence of ‘K’ selection (Gourn, 1977).

The Bathonian decline of E. abjectus was probably the re-
sult of the diminution in areal importance of ferruginous ool-
ite deposits. The subsequent extinction of the species in the
Callovian was probably due to the widespread development
of unfavourable (low energy/high turbidity) argillaceous
facies in Europe.



Genus CHLAMYS Ropine 1798 (non Kocw 1801)

Type species. SD; HerRrRMANNSEN 1847, p. 231; Pecten is-
landicus MULLER 1776, p. 248; Recent, circumboreal.

AMENDED DIAGNOSIS

‘Higher than long or rounded, commonly somewhat obli-
que, LV usnally more convex but in some species valves
nearly equally convex; auricles clearly delimited, usually
large; byssal notch large; ctenolium usually present; sculprure
of radial (usually stronger) and concentric elements, with
scalelike spines commonly developed at their junctions, espe-
cially on LV but some shells nearly smooth; interspaces of
many forms with intercalaries in adult; margin usually scal-
loped; cardinal crura variable in number and size. Trias. —
Rec., cosmop.” (HERTLEIN, 1969: N355).

DISCUSSION

The above diagnosis includes such a diversity of forms that
it seems impractical to employ it at the generic level. How-
ever, the present author is not in a position to give a revised
generic diagnosis of Chlamys since most species are post-
Jurassic.

Subgenus CHLAMYS s. s.

(Synonyms etc. Clamys Leach, 1815 [nom. null.]

Chalmys Do1i1rus and DAUTZENBERG, 1886
[nom. null .}

Actinochlamys ROVERETO, 1898
Myochlamys vON IHERING, 1907 [obj.]
Chlamydina CossMann, 1907 [obj.]
Zygochlamys voN THERING, 1907
Belchlamys IrepalE, 1929
Mimarblamys IrEDALE, 1929
Scaeochlamys IREDALE, 1929
Talochlamys IREDALE, 1929
Veprichlamys IrRepALE, 1929
Coralichlamys IrREDALE, 1939)

AMENDED DIAGNOSIS

‘Usually higher than long, anterior auricle longer than
posterior one; sculpture of numerous, generally grooved or
striated and spinose, radial ribs; inner margin commonly with
rounded, grooved, weak riblets; cardinal crura weak or nearly
obsolete. Trias. — Rec., cosmop.” (HeRTLEIN, 1969: N355).

DISCUSSION

Forms referable herein to Ch. (Chlamys) are divisible into
3 groups on the following basis: —
1. Plicae smooth (= Ch. (Ch.) valoniensis).
2. Plicae bearing widely spaced spines up to 5 mm in
length (= Ch. (Ch.) pollux).
3. Plicae bearing variably spaced imbricate lamellae (=
Ch. (Ch.) textoria).

Groups 1 and 2 are almost certainly directly related and can
be distinguished from Group 3 at least as far back as the Trias.
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They may therefore be worthy of a subgeneric distinction
from Group 3. However, in view of the uncertainty over the
bounds of the genus Chlamys (see above) this seems an inop-
portune moment to risk further confusion of the taxonomy
by erecting new subgenera.

Forms referable to Group 3 are to all intents and purposes
continuously variable in the number of plicae, spacing of the
comarginal lamellae and umbonal angle (Pl. 6, Figs. 10-12,
Pl 7, Figs. 1-23, Pl. 8, Figs. 1-3, 5-20). In all other respects
they are relatively invariant. However variation, at least in the
number of plicae, is not normally distributed. Plical fre-
quency histograms standardised for size (in order to eliminate
the effect of ontogenetic increase in the number of plicae)
show at L: 20 and L: 40 (text fig. 146) a pronounced skew to
the right together with the development of secondary modes,
while at L: 60 (text fig. 146) there is marked bimodality. At all
sizes there are a few specimens whose plical Irequencies are
outside the range of continuous variation. This is hardly the
pattern of variation expected of a single species but the follow-
ing discussion is intended to show that it need not necessarily
imply that more are present. In any case the height of the in-
ter-modal troughs would make for difficulty in defining the
boundaries between constituent species.

If a species is ‘environmentally variable’ (developmentally
flexible) character/frequency plots for early stages in on-
togeny would be expected to lack prominent modes since at
this stage the organisms concerned cannot have ‘experienced’
the environment and started to develop the approprate mor-
phology (Jornson, 1981). For any given environment a sin-
gle, prominent mode will emerge as development proceeds.
However, if more than one environment 1s involved a whole
vanety of character/frequency distributions is possible for
later stages in ontogeny (such as are represented in text
fig. 146): differences in the extent of representation of par-
ticular environments, resulting from uneven sampling, will
determine the shape of the character/frequency distribution.

In the group under discussion there is a considerable corre-
lation between plical frequency in the later stages of ontogeny
and the environment occupied. Forms within the range 17-26
plicac are usually derived from reefal or peri-reefal deposits
while those within the range 27-36 plicac are most frequent in
non-reef, shallow water facies and those with more than 36
plicae are usually derived from argillaceous sediments (see pp.
175-177). Due to abrasion, it is often difficult to count the
number of plicae in the umbonal region (earliest ontogenetic
stages). There does seem in fact to be a mode at about 22 plicae
(range: 17-30) but there is nevertheless little sign of the multi-
ple modes evident in counts from later ontogenetic stages.
There are thus reasonable grounds for considering that differ-
ences in the number of plicae late in ontogeny are a reflection
of ecophenotypic variation within a single species. There is
still aneed for further detailed work on early ontogenetic var-
lation in order to substantiate the ‘single species’ hypothesis.
An analysis of ontogenetic changes in variation along the lines
employed for Radulopecten vagans (Jonnson, 1981) would
provide a test for ecophenotypic variation.

In conclusion, the curious patterns of variation shown by
text fig. 146 are herein considered to be an artefact of the
museum collections studied. In these, specimens derived
from reefal and peri-reefal facies are much the most abundant
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Text fig. 146:  Chlamys (Ch.) textoria — frequency distributions for numbers of plicae at lengths of 20, 40

and 60 mm.

and thus contribute to the right-skew at L: 20 and L: 40.
Specimens from argillaceous facies are poorly represented and
usually small, thus resulting in the discontinuous distribution
at high plical counts, which becomes especially marked at L:
60. Specimens from non-reef shallow water facies are poorly
represented but often large, thus resulting in the paucity of
specimens with intermediate plical counts at L: 20 and L: 40
but the relative abundance at L: 60.

Variation in the number of plicae at a particular size could
result from flexibility in the absolute rate of either size in-
crease or of addition to the number of plicae. Some evidence
for retardation of size increase (stunting) is derived from the
fact that forms with more than 36 plicae rarely exceed 50 mm
in height. The generally closer spacing of the imbricate lamel-
lae in such forms is also indicative of size retardation, pro-
vided that the temporal periodicity of secretion is the same as



40—

in larger specimens. Likewise, the generally smalfler H/UA
ratio of specimens with numerous plicae is indicative of re-
tarded size development, provided that H and UA are par-
tially dissociated. However, the existence of specimens which
are both large and bear numerous plicae (e. g. PL. §, Fig. 19)
should be noted. Moreover, there is by no means a linear rela-
tionship between the number of plicae and spacing of the im-
bricate famellae, morphs of intermediate plical count exhibit-
ing both close and widely spaced lamellae (e. g. PI. 8, Figs. 9,
12). Similarly, in a plot of H/UA (text fig. 147) morphs with
between 27 and 36 plicae at a standard size (L: 40) do not oc-
cupy a clearly defined zone between those with more and less
plicae.

The existence of forms with low plical counts, even at very
large size (e. g. PL. 6, Fig. 12), together with the fact that
much of the intercalation leading to high plical counts takes
place quite early in ontogeny (e. g. PL. 8, Fig. 16) suggests
that changes in the absolute rate of addition to the number of
plicae have played at least as important a role as stunting in
promoting the observed pattern of ecophenotypic variation.
Such changes, unlike stunting, imply some adaptive value for
the phenotypes adopted in each environment. At presentonly
afew suggestions (see p. 178) can be offered as to their signifi-
cance and the topic is clearly ripe for further research.
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Text fig. 147:  Chlamys (Ch.) textoria — height/umbonal angle for
forms with either 17-26, 27-36 or 37—46 plicae at a length of 40 mm.

The decision to incorporate the great range of variation of
Group 3 within the bounds of a single species is not rendered
suspect by the lack of a Recent analogue. In one of the few
cases where the variation of a Recent pectinid has been assess-
ed in a number of ecological settings, BEU(1966) reports that
Ch. dieffenbachi adopts an ecophenotype consisting of
numerous spine-bearing plicae when enclosed within a
sponge (the usual habitat) while an ecophenotype consisting
of relatively few, smooth plicae is adopted in the unenclosed
condition. The total range of variation in the later stages of
ontogeny is comparable to that in Group 3 and the early
stages of ontogeny are similarly relatively invariant.
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Chlamys (Chlamys) textoria (SCHLOTHEIM 1820)
Pl 6, Figs. 10-12, PL. 7, Figs. 1-21, PL. 8, Figs. 1-3. 5-20,
°Fig. 4; text figs. 146-157

Synonymy

v¥ 1820 Pectinites textorins sp. nov; SCHLOTHEIM, p. 229.
1822 Pecten warius LINNAEUS; YOUNG and BIRD,
p- 223, pl. 9, fig. 9 (non LINNAEUS sp.).
v 1826a  Pecten vimineus sp. nov; ]. DE C. SOWERBY, p. 81,
pl. 543, figs. 1, 2.
1828 Pecten elegans sp. nov; YOUNG and BIRD, p. 234,
pl. 9, fig. 8.
1829 Pecten virguliferns sp. nov; PHILLIPS, pl. 1,
fig. 20.
1833 Pecten textilis sp. nov; MUNSTER in GOLDFUSS,
p- 43, pl. 89, figs. 3a—d.
v 1833 Pecten vimineus J. DE C. SOWERBY; GOLDFUSS,
p. 44, pl. 89, figs. 7a, 7b.
v 1833 Pecten textorins (SCHLOTHEIM); GOLDFUSS, p. 45,
pl. 89, figs. 9a-d.
Pecten texturatus sp. nov; MONSTER in GOLDFUSS,
p. 45, pl. 90, fig. 1.
v¥ 1833 Pecten ambiguns sp. nov; MONSTER in GOLDFUSS,
p. 46, pl. 90, figs. 5a, Sb.
v 1833 Pecten articulatus  (SCHLOTHEIM); GOLDFUSS,
p- 47, pl. 90, fig. 10 (non SCHLOTHEIM sp.).
v* 1833 Pecten subtextorius sp. nov; MUNSTER in GOLD-
FUSS, p. 48, pl. 90, figs. 11a, 11b.
1836 Pecten subimbricatus sp. novi; ROEMER, p. 212,
pl. 13, fig. 6.
1837 Pecten textorius var. orbicularis var. nov; KOCH
and DUNKER, p. 20, pl. 1, fig. 5.
(2) 1839 Pecten dextilis MUNSTER; ROEMER, p. 28, pl. 28,
figs. 24a—c.
1839 Pecten wvimineus J. DE C. SOWERBY; ROEMER,
Do &
Pecten Palaemon sp. nov; D'’ORBIGNY, v. 1, p. 238
(BOULE, 1908, v. 3, p. 37, pl. 18, fig. 5, non fig. 6).
v 1850  Pecten Phillis sp. nov; D’ORBIGNY, v. 1, p. 257.
v 1850 Pecten articulatus (SCHLOTHEIM); D’ORBIGNY,
v. 1, p. 285 (non SCHLOTHEIM sp.).
v© 1850  Pecten Luctensis sp. nov; D'ORBIGNY, v. 1, p. 314
(BOULE, 1912, v. 7, p. 91, pl. 2, fig. 28).
v¥ 1850  Pecten Camillus sp. nov; D’ORBIGNY, v. 1, p. 342
(BOULE, 1925, v. 14, p. 160, pl. 20, figs. 7-10).
v 1850 Pecten vimineus }. DE C. SOWERBY; D’ORBIGNY,
v.1,p. 373.
v#* 1850  Pecten Opis sp. nov; D'ORBIGNY, v. 1, p. 374
(BOULE, 1928, v. 17, p. 49, pl. 6, figs. 10, 11).
v¥* 1850 Pecten subarticulatus sp. nov; D’ORBIGNY, v. 2,
p. 22 (BouLE, 1929, v. 18, p. 171, plL. 19,
figs. 13, 14).
v* 1850 Pecten Nisus sp. nov; D’ORBIGNY, v. 2, p. 2
(BOULE, 1929, v. 18, p. 172, pl. 20, fig. 2).
1850 Pecten Nothus sp. nov; D’ORBIGNY, v. 2, p. 2
(BOULE, 1929, v. 18, p. 173, pl. 20, fig. 3).
v* 1850  Pecten Niso sp. nov; D’ORBIGNY, v. 2, p. 22
(BOULE, 1929, v. 18, p. 173, pl. 20, fig. 4).
1851  Pecten ambiguis MONSTER ; SCHAFHAUTL, p. 410.
1852 Pecten textorins (SCHLOTHEIM); VERNEUIL and
COLLOMB, p. 112.
1853 Pecten textorius (SCHLOTHEIM); CHAPUIS and DE-
WALQUE, p. 209, pl. 23, fig. 2.
1853 Pecten articulatus (SCHLOTHEIM); CHAPUIS and
DEWALQUE, p. 212, pl. 29, fig. 3 (non SCHLOT-
HEIM sp. ).
1853 Pecten articulatus (SCHLOTHEIM); MORRIS and
LYCETT, p. 32, pl. 33, fig. 12 (non SCHLOTHEIM
Sp.)-
v* 1855 Pecten icaunensis sp. nov; COTTEAU, p. 110.

-~

2v* 1833

vip 1850
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1855
1855

-~

2

1858
1858
pv 1858
1858
1858

v* 1858
v 1858
v 1858
1858

v 1858
1859
1859

1860
1860

1860
1860
1860
1860
1861
1861

1861

1861

1862

1862

1862

1862

1863
186+
1864

1865

(2) 1865

1866

Pecten COTTEAU,
p. 112,

Pecten texturatns MONSTER; TERQUEM, p. 322.
Pecten dispar sp. nov; TERQUEM, p. 323, pl. 23,
fig. 6

Pecten Trigeri sp. nov; OPPEL, p. 103.

Pecten Dewalguer sp. nov; OPPEL, p. 420.

Pecten  textorms (SCHLOTHEIM); QUENSTEDT,
p. 78, pl. 9, fig. 12, p. 500, pl. 67, fig. 5, p. 794,
pl. 98, fig. 3.

Pecten textormss y var. nov; QUENSTEDT, p. 147,
pl. 18, fig. 17.

Pecten textorius torulos: subsp. nov; QUENSTEDT,
p. 311, pl. 42, fig. 10.

Pecten textoruns albus subsp. nov; QUENSTEDT,
p. 627, pl. 77, figs. 25, 26.

Pecten dentatus J. DE C. SOWERBY; QUENSTEDT,
p. 753, pl. 92, fig. 3 (non ]. DE C. SOWERBY sp.).
Pecten articulatus (SCHLOTHEIM); QUENSTEDT,
p. 754, pl. 92, fig. I'l (non SCHLOTHEIM sp.).
Pecten  subtextorms  MUNSTER;  QUENSTEDT,
p- 754, pl. 92, fig. 4.

Pecten subtextorins Schuaitheimensis subsp. nov;
QUENSTEDT, p. 754, pl. 92, fig. 7.

Pecten Benedict: sp. nov; CONTEJEAN, p. 313,
pl. 23, figs. 13-15.

Pecten Billot: sp. nov; CONTEJEAN, p. 315, pl. 23,
figs. 22-24.

Pecten virguliferns PHILLIPS; COQUAND, p. 68.

desmonlmsianys  sp. nov:

Pecten viminens |. DE C. SOWERBY; COQUAND,
p-73.

Pecten subarticulatus D’ORBIGNY; COQUAND,
p-79.

Pecten Nisus D'ORBIGNY; COQUAND, p. 79.
Pecten Niso D'ORBIGNY; COQUAND, p. 79.
Pecten Billoti CONTEJEAN; COQUAND, p. 91.
Pecten subtextorins MUNSTER; TRAUTSCHOLD,
p. 446.

Pecten subreticulatus sp. nov; STOLICZRA, p. 196,
pl. 6, figs. 1, 2.

Pecten Rollei sp. nov; STOLICZKA, p. 197, pl. 6,
figs. 5, 6.

Pecten vertiallus sp. nov; STOLICZKA, p. 197,
pl. 6. figs. 3. 4.

Pecten palosus sp. nov; STOLICZKA, p. 197, pl. 6,
fig. 8.

Pecten articulatus (SCHLOTHEIM); THURMANN and
ETALLON, p. 255, pl. 36, fig. 2 (non SCHLOTHEIM
sp.)-

Pecten Schnaitheimensis QUENSTEDT; THURMANN
and ETALLON, p. 255, pl. 36, fig. 3.

Pecten subtextoris MUNSTER; THURMANN and
ETALLON, p. 256, pl. 36, fig. 4.

Pecten vinunens J. DE C. SOWERBY; THURMANN
and FTAL1ON, p. 256, pl. 36, fig. 5.

Pecten Hermanciae sp. nov; ETALLON in THUR-
MANN and ETALLON, p. 256, pl. 36, fig. 6.

Pecten textorius (SCHLOTHEIM); SCHLONBACH,
p. 543,

Pecten splendens sp. nov; DOLLFUS, p. 78, pl. 14,
figs. 7-9.

Pecten securis sp. nov; DUMORTIER, p. 68, pl. 8,
figs. 9-11.

Pecten vimmens J. DE C. SOWERBY; V. SEEBACH,
p-97.

Pecten  canaliculatns  sp. nov; TERQUEM and
PIETTF, p. 102, pl. 11, figs. 30-32.

Pecten dispar TERQUEM; TERQUEM and PIETTE,
p- 103.

Pecten Sismondae sp. nov; CAPELLINI, p. 481,
pl. 6, figs. 4-6.

2]

1867

1868
1869

1869

1869

1869

1872

1874

1874

1874

1881a

+ 1881a

1883

1883
1883

1883

1886

1886

1888

1888

1892

1893

1893

© 1893

1893

1893

1894

1894

1894

Pecten  textorius (SCHLOTHEIM); DUMORTIER,
pp- 71,125, pl. 13, lig. 1.

Pecten textorins (SCHLOTHFIM); JAUBERT, p. 235.
Pecten  textormss (SCHLOTHEIM); DUMORTIER,
p- 139. pl. 22, fig. 2, p. 303, pl. 39, figs. 1, 2.
Pecten Rollei STOL1ICZKA; DUMORTIER, p. 139,
pl. 22, fig. 1.

Pecten Fortunatus sp. nov; DUMORTIER, p. 140,
pl. 22, fig. 4.

Pecten  semispinatus  sp. nov; TERQUEM and
JOourDpY, p. 130, pl. 13, figs. 21, 22.

Pecten Nisis D’ORBIGNY; DE LORIOL et al., p. 385,
pl. 22, fig. 14.

Pecten Ponzii sp. nov; GEMMELLARO, p. 107,
pl. 13, fig. 5.

Pecten anastomoplicus sp. nov; GEMMELLARO and
D1 Brast, p. 99, pl. 1, figs. 4-7.

Pecten erctensis sp. nov; GEMMELLARO and D1
Brasl, p. 102, pl. 1, figs. 8-10.

Pecten  textorius (SCHLOTHEIM); DUMORTIER,
pp- 193,310, pl. 44, fig. 12.

Pecten vinunens J. DE C. SOWERBY; DE LORIOL
and PELEAT, p. 204, pl. 23, figs. 3-5.

Pecten Quenstedti sp. nov; BLAKF, p. 231.

Pecten (Chlamys) Veneris sp. nov; GEMMELLARO
and D1 Brast in GEMMELLARO, p. 396, pl. 30,
figs. 11,12

Pecten subtextorins NIUNSTER; DE LORIOL, p. 161,
pl. 23, figs. 1, 2.

Pecten Janiformis sp. nov; LUNDGREN, p. 39,
pl. 1, figs. 58, 59.

Pecten cof. textornus (SCHLOTHEIM); NEUMAYR,
p. 4.

Pecten Lotharimngicus sp. nov; BRANCO, p. 111,
pl. 8, fig. 9.

Pecten subreticulatus STOLICZRA; J. MENEGHINI,
p. 162, pl. 28, figs. 13, 14.

Pecten aff. viminens J. DE C. SOWERBY; BOEHM,
p. 183, pl. 40, figs. 3a, 3b.

Pecten paraphoros sp. nov; BOEHM, p. 183, pl. 40,
fig. 7.

Pecten cf. vimneuns J. DF C. SOWERBY; LAHUSEN,
p. 23, pl. 1, fig. 17.

Pecten n. sp.; BOEHM, p. 614, pl. 67, figs. 36-38.
Pecten aff. vimunens ]. DE C. SOWFRBY; BOEHM,
p- 615, pl. 68, figs. 1—.

Pecten cf. viminens J. DE C. SOWERBY; LAHUSEN,
p. 23, pl. 1, fig. 17.

Pecten cf. textorins (SCHLOTHEIM); SACCO, p. 25.
Pecten lacunarins sp. nov; ROTHPLETZ, p. 169,
pl. 14, figs. 18, 18a, 20.

Pecten ambiguus MUNSTER; SCHLIPPE, p. 129,
pl. 2, fig. 9.

Pecten Dewalguer OPPEL; SCHLIPPE, p. 130, pl. 2,
fig. 10.

Pecten (Chlamys) Rolle: STOLICZKA; PARONA,
p- 14, pl. 1, fig. 3.

Chlamys (Pecten) subtextorta (MUNSTER); SIEMIR-
ADZKI, p. 118.

Pecten Dewalquer var. Jurensis var. nov; RICHE,
p.97,pl. 1, figs. 17, 18.

Pecten pelops sp. nov; DE LORIOL in DE LORIOL
and LAMBERT, p. 144, pl. 10, fig. 7.

Pecten subarticulatus D’ORBIGNY; DE LORIOL,
p- 303, pl. 32, figs. 16, 17.

Pecten Ferax sp. nov; DE LORIOL, p. 308, pl. 33,
fig. 1.

Pecten textorins (SCHLOTHEIM); MORICKE, p. 37.
Pecten episcopalis sp. nov; DF LORIOL, p. 50,
pl. 6, figs. 1, 2.

Pecten cfr. nattheimensis sp. nov; DF LORIOL,
p- 52, pl. 6, figs. +-6.
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1894

1895

1897
1898

1898

1903

1903

1903

1903

1904

1904

1904

1904

1904

1905

1905

1905

1905

1905

v 1905
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~

1905

1906

1906

1907
1907

1907b

1907b

1907b

1910

1910

1911

1911
1911

1911

1911

1911

1911

1914

Pecten bipartitus sp. nov; FUTTERER, p. 32, pl. 5,
figs. 4, 4a.

Pecten Guyoti sp. nov; DE LORIOL, p. 42, pl. 10,
fig. 2.

Pecten textorius (SCHLOTHEIM); POMPECK], p. 773.
Pecten (Chlamys) silanus sp. novi GRECO, p. 111,
pl. 8, figs. 34, 35.

Pecten articitlatus (SCHLOTHEIM); GREPPIN, p. 128
(non SCHLOTHEIM sp.).

Pecten (Chlamys) dispar TERQUIM; BISTRAM,
p- 36, pl. 3, fig. 3.

Pecten textorius (SCHLOTHEIM); BURCKHARDT,
p-7.

Pecten moravicus sp. nov; REMES, p. 203, pl. 19,
figs. 9a, 9b.

Pecten strambergensis sp. nov; REMES, p. 204,
pl. 19, figs. 10a—c.

Pecten (Chlamys) Etiveyensis sp. nov; DE LORIOL,
p- 221, pl. 24, fig. 1.

Pecten (Chlanrys) episcopalis DE LORIOL; DE LOR-
10L, p. 223, pl. 24, fig. 7.

Pecten (Chlamys) blyensis sp. nov; DE LORIOL,
p. 224, pl. 24, fig. 3.

Pecten (Chlamys) Bourgeati sp. nov; DE LORIOL,
p. 225, pl. 24, figs. 5, 6.

Chlamys cf. dispar (TERQUEM); COSSMANN,
p- 504.

Pecten (Chlamys) Dewalquer OPPEL; KILIAN and
GUEBHARD, p. 743.

Pecten (Chlamys) voisinde Nattheimensis Dt LOR-
10L; K1LIAN and GUEBHARD, p. 817.

Pecten (Chlamys) vimineus ]J. DE C. SOWERBY;
KiL1aN and GUEBHARD, p. 817.

Pecten subarticulatns D’ORBIGNY; PERON, p. 217,
pl. 10. fig. 2.

Pecten vimineus J. DE C. SOWERBY; PERON, p. 22
Pecten etiveyensis DE LORIOL; PFRON, p. 227,
pl. 10, figs. 3, 4.

Pecten desmoulinsiants COTTEAU; PERON, p. 233,
pl. 5, fig. 15, pl. 10, fig. 7.

Pecten Ugolinii sp. nov; Fucini, p. 620, pl. 11,
fig. 4.

Pecten capillatus sp. nov; FUCINI, p. 622, pl. 11,
fig. 5.

Pecten (Chlamys) dispar TERQUEM; JOLY, p. 75.
Chlamys textoria (SCHLOTHEIM); RIAZ, p. 620.
Chlamys subarticulata (D’ORBIGNY); COSSMANN,
p-1.pl 2, figs. 1, 2.

Chlamys camillns (D’ORBIGNY); COSSMANN, p. 2,
pl. 2, fig. 7.

Chlamys cf. stricta (MUNSTER); COSSMANN, p. 2,
pl. 2, fig. 5 (non MUNSTER sp.).

Chlamys dewalguer (OPPEL); LIssAjous, p. 360,
pl. 10, fig. 3.
Chlamys subtextoria
p. 360, pl. 10, fig. 4.
Pecten (Chlamys) protextorius sp. nov; ROLLIER,
p. 264.

Pecten (Chlamys) jurensis RICHE;ROLLIER, 265.

[

(MONSTER);  Lissajous,

Pecten (Chlamys) Schombergensis sp. nov; ROL-
LIER, p. 266.

Pecten (Chlamys) Brisgoviensis sp. nov; ROLLIER,
p- 267.

Pecten (Chlamys) Schlippei sp. nov; ROLLIER,
p. 267.

Pecten (Chlamys) Lycettr sp. nov; ROLLIER,
p. 267.

Chlamys bathonica sp. nov, COSSMANN, p- 1.
pl. 1, figs. 14,

Chlamys Gadoisi sp. nov; COSSMANN, p. 3, pl. 5,
fig. 2.

non

non

v

v

PV

1915

1915
1916

1916
1916

1916

1916

1916

1916

“ 1916

1917

1917

1917

1917

1917

1920

1920

1920

1920

1920

1920

1926
1926

1926

1926

1926
1926

1926

1926

1926

1926

1926
1926
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Pecten vimineus J. DE C. SOWERBY; KRENKEL,
p- 300, pl. 25, fig. 41.

Pecten (Chlamys) sp. indet; ROLLIER, pl. 31, fig. 2.
Chlamys (Psendamussium) palaemon (D’ORB-
IGNY); COSSMANN, p. 46, pl. 5, figs. 18-20.
Pecten textorins (SCHLOTHEIM); JAWORSKI, p. 436.
Pecten  textorus var. torulosa QUFNSTEDT;
JAWORSKI, p. 437.

Chlamys articulata (SCHLOTHEIM); PARIS and
RICHARDSON, p. 524.

Chlamys articulata var. notgroviensts var. nov;
PARIS and RICHARDSON, p. 525, pl. 45, fig. 2.
Chlamys articulata var. sauzeana var. nov; PARIS
and RICHARDSON, p. 526, pl. 45, figs. 3a, 3b.
Chlamys ambigna  (MUNSTER); PaRIS
RICHARDSON, p. 526.

Eopecten articulatus sp. nov; PARIS and RICHARD-
SON, p. 531, pl. 44, fig. 5.

Pecten peruanus sp. nov; TILMANN, p. 673,
pl. 24, figs. 4a, 4b, 5.

Pecten Labuseni sp. nov; BORISSIAK and IVANOFF,
p- 11, pl. 2, figs. 9, %a.

Pecten psendotextormus REDLICH; BORISSIAK and
IVANOFF, p. 15, pl. 2, fig. 12.
Pecten  ambiguus MUNSTER;
IVANOFE, p. 16, pl. 2, fig. 8.
Pecten subambiguus sp. nov; BORISSIAK and
IVANOFF, p. 18, pl. 2, figs. 7, 7a.

Pecten anastomoplics GEMMELLARO and DI
Brast; FAURE-MARGUERIT, p. 54.

Pecten strambergensis REMFS; FAURE-MARGUER-
IT, p. 57.

Pecten moravicus
p. 58.

Pecten vimineus J. DE C. SOWERBY; FAURE-MAR-
GUERIT, p. 58.

Pecten aff. vimineus J. DE C. SOWERBY; FAURE-
MARGUERIT, p. 59.

Pecten articulatus (SCHLOTHEIM); FAURE-MAR-
GUERIT, p. 59.

Pecten articulatus var. passsant a P. anastomopli-
cis GEMMELLARO; FAURE-MARGUERIT, p. 59.
Pecten (Chlamys) subtextorins MONSTER; FAURE-
MARGUERIT, p. 60.

Pecten Rolleiformis sp. nov; Fucing, p. 90, pl. 5,
figs. 15, 16.

Pecten (Chlamys) tornlos: QUENSTEDT; ERNST,
p-52,pl. 1, lig. 8.

Chlamys Dewalquei (OPPEL); LISSAJOUS, p. 158,
pl. 30, figs. 3, 3a.

Chlamys textoria (SCHLOTHEIM); STAESCHE, p. 30.
Chlamys aff. textoriae (SCHLOTHEIM); STAESCHE,
p- 30, pl. 1, figs. 8, 9.

Chlanzys tornlosi (QUENSTEDT); STAESCHE, p. 33,
pl. 1, fig. 1.

Chlamys of. Phillis (D’ORBIGNY); STAESCHEF,
p. 34, pl. 1, fig. 12.

Chlamys Dewalquer (OPPEL); STAESCHE, p. 35.
Chlamys ambigna (MUNSTER); STAESCHE, p. 36,
pl. 1, fig. 2.

Chlamys Rosimon (D’ORBIGNY); STAESCHE, p. 38,
pl. 2. fig. 1 (non D’ORBIGNY sp.).

Chlamys atf. Lotharingicae (BRANCO); STAESCHE,
p- 38, pl. 1, figs. 5, 6.

Chlamys Meriani (GREPPIN); STAESCHE, p. 39,
pl. 1, fig. 3 (non GREPPIN sp.).

Chlamys subtextoria (MUNSTER); STAESCHE, p. 40.
Chlamys paraphora (BOEHM); STAESCHE, p. 41.
Chlamys Schnaitheimensis (QUENSTEDT); STAE
SCHE, p. 42.

Chlamys Nattheimensis (DE LORIOL); STAESCHE,
p-42,pl. 1, fig. 13, pl. 2, fig. 2.

and

BORISSIAK  and

REMES; FAURE-MARGUERIT,
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v 1926

1926

2 1926
1926

1926
1926

1926

1928

1929

1929

1929

1930a

v 1931a

v 1931a

1931
1931

1932
1933
1934
1934
1935a
1935b
1936
v 1936
v 1936
v 1936
1936
1936
1936
v 1936
1936
1936
v 1936
v 1936
v 1936

. 1936
1936

v 1936

Chlamys Quenstedti (BLAKE); STAESCHE, p. 44,
pl. 1, fig. 7.

Chlamys cf. episcopalis (DE LORIOL); STAESCHE,
p. 45, pl. 2, fig. 3.

Chlamys Trigeri (OPPEL); STAESCHE, p. 56.
Chlamys textora  (SCHLOTHEIM): ROMAN,
pp. 113, 140, 168.

Chlamys ambigua (MUNSTER); ROMAN, p. 155.
Chlamys  subtextoria  (MUNSTER); ROMAN,
pp. 193, 196, 197.

Pecten vimunens ]J. DE C. SOWERBY; ROMAN,
p. 197.

Chlamys ct. vinnens (J. DE C. SOWERBY); DOUG-
LAS and ARKELL, p. 136.

Pecten (Chlamys) textoris (SCHLOTHEIM); LAN
QUINE, pp. 82, 84, 188.

Pecten (Chlamys) Dewalquer OPPEL; LANQUINE,
pp. 131, 199, 300, 310, 324.

Pecten (Chlamys) ambigiuns (MUNSTER); LAN-
QUINE, pp. 300, 324.

Pecten (Chlamys) cf. Jurensts RICHE; LANQUINE,
p- 300.

Chlamys (Chlamys) nattheimensis (DE LORIOL);
ARKELL, p. 104, pl. 10, figs. 6-8.

Chlamys (Chlamys) splendens (DOLLFUS); AR-
KELL, p. 107, pl. 10, figs. 1-5, pl. 14, fig. 5.
Chlamys (Chlamys) cf. blyensis (DE LORIOL);
ARKELL, p. 110, pl. 11, figs. 1, la.

Pecten vimineus J. DE C. SOWERBY; YIN, p. 121.
Pecten strambergensis REMES; YIN, p. 122, pl. 12,
fig. 8.

Pecten (Chlamys) textoria (SCHLOTHEIM); TZAN-
KOV and BONCEV, p. 230, pl. 1, fig. 8.

Pecten (Chlamys) sp. — subtextoria group; DIET-
RICH, p. 64, pl. 9, fig. 35.

Chlamys cl. textona (SCHLOTHEIM); ROSEN-
KRANTZ, p. 113.

Chlamys rollei  (STOLICZKA); ROSFNKRANTZ,
p. 113.

Chlamys of. splendens (DoO11LFUS); COX, p. 175,
pl. 18, fig. 10.

Chlamys sp.; Cox, p. 13, pl. 2, fig. 7.
Aequipecten sp; WANDEL, p. 483, pl. 15, fig. 3.
Chlamys textorins (SCHLOTHEIM); DECHASEAUX,
p- 13, pl. 1, figs. 1.

Chlamys ambiguns (MUNSTFR); DECHASFAUX,
p. 14, pl. 2, fig. 2, pl. 3, fig. 1.

Chlamys Dewalquei (OPPEL); DECHASEAUX,
p. 15, pl. 1, figs. 5.7, pl. 2, fig. 4.

Chlamys lotharingicus (BRANCO); DECHASEAUX,
Do J7:

Chlamys Camullus (D’ORBIGNY); DECHASEAUX,
p- 18,

Chlamys episcopalis (DE LORIOL); DECHASEAUX,
p- 18.

Chlamys etiveyensis (DE LORIOL); DECHASEAUX,
p- 18, pl. 3, figs. 3, +.

Chlamys subtextorus (MUNSTER); DECHASEAUX,
p. 19, pl. 3, fig. 2.

Chlamys splendens (DOLLFUS); DECHASEAUX,
p- 20.

Chlamys Blyensis (DE LORIOL); DECHASEAUX,
p. 20, pl. 3, fig. 8.

Chlamys subarticulatns (D’ORBIGNY); DECHAS-
EAUX, p. 21, pl. 3 figs. 5, 6.

Chlamys Natthermensis (DE LORIOL); DECHAS
EAUX, p. 22, pl. 3, fig. 7.

Chlamys Nisus (D’ORBIGNY); DECHASEAUX, p. 23.
Chlamys Guyotr (DE LORIOL); DECHASEAUX,
p. 24.

Chlamys Bourgeat: (DE LORIOL); DECHASEAUX,
p- 24, pl. 3, fig. 10.

1936
(?) 1936

v 1936

1938
1938

1942
1942
1948
1948
1948
1948
1951
1951

1952
1952

1952

1952
1953

R

1956

1957

1961

1961

1964

1965

1966

1966

1967

1968
1970

1970
1971

1973

1973

1973

1974

v 1975

v 1975

v 1975

Chlamys sp; DECHASEAUX, p. 24, pl. 4, fig. 1.
Pecten (Chlamys) dispar TERQUEM; DECHASEAUX,
p-27.

Chlamys nenmarktensis sp. nov; KUHN, p. 247,
pl. 12, fig. 40.

Chlamys Dewalguer (OPPEL); CHOUBERT, p. 198.

Chlamys of. ambigua (MUNSTER); WEIR, p. 47,
pl. 3, figs. 9, 10.

Pecten (Chlamys) textorinus (SCHLOTHEIM); LEAN-
zA, p. 172, pl. 7, fig. 2.

Pecten (Chlamys) textorius var. torulosa QUEN-
STEDT; LEANZA, p. 173, pl. 7, fig. 4.

Chlamys viminea (J. DE C. SOWERBY); COX and
ARKELL, p. 11.

Chlamys ambigua (MUNSTER); COX and ARKELL,
p- 12.

Chlamys jurensis (RICHE); COX and ARKELL,

p- 12.

Chlamys subtextorra (MUNSTER); COX and Ar-
KELL, p. 12.

Chlamys torulosi (QUENSTEDT); MAUBERGE,
p. 367.

Chlaniys textoria (SCHLOTHEIM); TROEDSSON,
p. 213, pl. 21, figs. 14-16.

Chlamys ambigna (MUNSTER); COX, p. 4, pl. 1,
figs. 2.

Chlamys subtextorta (MUNSTER); COX, p. 6, pl. 1,
figs. 5-7.

Chlamys cf. episcopalis (DE Lorior); Cox, p. 7,
pl. 1, fig. 1.

Chlamys sp. indet; Cox, p. 9, pl. 1, fig. 8.
Chlamys (Chlamys) wunschae sp. nov; MARWICK,
p- 98, pl. 10, figs. 23, 24.

Chlamys subulata securis (DUMORTIER); MEL-
VILLEF, p. 121, pl. 5, figs. 4, 5.

Chlamys kurwmensis sp. novi KOBAYASHI and
Havamiin Havam, p. 119, pl. 20, figs. 1a, 1b.
Chlamys  textorra  (SCHLOTHEIM);  HAYAMI,
pp. 254, 318, 319.

Chlamys dewalquei var. jurensis (RICHE); BAR-
BULESCU, p. 702.

Chlamys lucensis (D’ORBIGNY); J.-C. FISCHER,
p- 17, pl. 1, figs. 14, 15.

Chlamys subtextorra (MUNSTER); COX, p. 55,
pl. 7. fig. 8.

Chlamys textorins (SCHLOTHEIM); BEHMEL and
GEYER, p. 28.

Chlamys torulosi (QUENSTEDT); BEHMEL and
GEYER, p. 28.

Chlamys textoria (SCHLOTHEIM); BFRRIDGE and
IVIMEY-COOK, p. 160.

Chlamys textoria (SCHLOTHEIM); WOBBER, p. 36.

Chlamys cf. natthermens:s (DE LORIOL): BEHMEL,
p- 62.

Chlamys cf. quenstedti (BLAKE); BEHMEL, p. 62.
Chlamys cf. textorta (SCHLOTHEIM); HALLAM,
pp. 242-244, 246, 247.

Entolum (?) Stoliczkai (GEMMELLARO); LENTINI,
p- 27, pl. 16, fig. 1 (non GEMMELLARO sp.).
Chlamys (Aequipecten) cfr. Pollux (D'ORBIGNY);
LENTINI, p. 27, pl. 16, fig. 1 (non D’ORBIGNY sp.).
Chlamys (Velata) cfr. velata (GOLDFUSS); LEN-
TINI, p. 29, pl. 15, fig. 8 (non GOLDFUSS sp.).
Chlamys enantyi sp. nov; SKWARKO, p. 83, pl. 26,
figs. 1, 6, 12.

Chlamys subtextoria (MUNSTER); YAMANI, p. 56,
pl. 2, figs. 15, 16.

Chlamys paraphora (BOEHM); YAMANI, p. 57,
pl. 2, fig. 18.

Chlamys quenstedti (BLAKE); YAMANI, p. 58,
pl. 2, figs. 1, 2.



v*? 1978 Chlamys (Chlamys) bedfordensis sp. nov; DUFF,

p- 69, pl. 5, figs. 14-16, 18, 21, text fig. 23.

Lectotype of Pectinites textorins SCHLOTHEIM
1820, p. 229 designated herein; HM-M23;
Pl. 8, Fig. 20 herein; H: 55, L: 51; L. Lias,
Amberg (Franconia).

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

,Aus dlterem Flotzkalk (sogenannten Gryphitenkalk) von
Amberg, theils der Gebirgsart aufliegend, theils in freyen Ex-
emplaren, mit versteinerter Schale, jedoch etwas schidigt,
und einige mit beyden Hilften (4 Ex.).

In der Form und Querstreifung dem Pectin. asper ihnlich,
aber die Beschaffenheit und Richtung der Strahlen sehr ver-
schieden. Sie sind ungleich diinner, liegen viel enger zusam-
men, und zwischen jedem etwas stirkeren und hervorsprin-
genden wird abwechselnd ein etwas tiefer liegender, feinerer
sichtbar. Auferst feine, scharf hervortretende Querstreifen,
welche eng zusammenlaufen, und auf jedem Lingenstrahl
kleine hervorstehende Schuppen bilden, geben dem Ganzen
ein gestricktes oder gewebtes Ansehen. Beyde Hilften sind
flach und gleichférmig gewdlbt. Scheint nicht sehr hiufig
vorzukommen und ist in schén erhaltenen und vollstindigen
Exemplaren sehr selten.*
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2. AMENDED DIAGNOSIS

Distinguished from other Jurassic species of Ch.
(Chlamys) by the presence of imbricate lamellae on the plicae.

3. AMENDED DESCRIPTION

Disc shape variable, sub-orbicular early in ontogeny, be-
coming increasingly sub-ovate, higher than long (text
fig. 148) towards the maximum height of 93.5 mm (GPIT
2-92-3). Umbonal angle increasing during ontogeny but very
variable, tending to be relatively high in forms with many
plicae (text figs. 149, 147). Dorsal margins concave; disc
tHlanks low.

Approximately equilateral; inequivalve, left valve low-
moderate convexity, right valve usually almost flat. Intersinal
distance variable, greater in left valve than right, increasing
isometrically in the former and at a decreasing rate with re-
spectto length in the latter (text figs. 150, 151). Depth of bys-
sal notch variable, moderate to large, but increasing with ap-
proximate isometry (text fig. 152).

Auricles well demarcated from disc, variable in size. Both
posterior auricles meeting hinge line at an obtuse angle and
disc at an acute angle. Anterior auricles meeting disc at an
acute angle and hingeline at a variable angle, 90° or less. All
auricles bearing comarginal imbricate lamellae, anterior auri-
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Text fig. 148:  Chlamys (Ch.) textoria — height/length.



TOC-]
G
1 ;
80— ° ¢ °
0 °
‘! s O : [ L4 'y [ ]
n
B % O o %
° 8 o, @
4 * b ei e3°
|
60 “o s, § 8
‘12. ) ° 14
L4 [ L i [ ‘n
o 6., 8 1.8
') b x
X M3e fy PY
H %33 s 4 i
4 ‘ a [} Y ‘ (] ] 4
8 YR |
s 1 v23 . g & X e g
L0~ 7 o o N Rl
Teg I 6 8 o
N O g8 ®my 18 Omygo ®X
i . fe % oo
* %% o g 08 Oy 57
B AAA ‘mQé'ﬁ EXé L® .
[} 4
. * N | e . 35
20 o A“.Q". Leo ! v’n el
[ 5 X& Y3 e . 8, .,
| x %
C6
7 ¢ %, %
4 T T 7T 8[O T T T T IO T I I I 1EI)O I I I I 11'0 ﬁ‘IZO
9
UA
Text fig. 149:  Chlamys (Ch.) textoria — height/umbonal angle.
]
40+
] °
4 [
[}
n ‘.L‘). N
- L4 39
30 AL
. o @8 C
IL 7 AA. o
. o C -
e
204 ° 9,
— VAQ
N :‘D om p ©®
9
- Ra¥® e
u A\lz
7 [}
10— N o
X R
ﬁLT T 1 T I I T T I I 1 1T T T T T T 1
20 L0 L 60 80 100

Text fig. 150:  Chlamys (Ch.) textoria — intersinal distance on left valve/length.
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Text fig. 151:  Chlamys (Ch.) textorra — intersinal distance on right valve/length.

cle of left valve also bearing radial striae of variable promi-
nence. Anterior auricle height variable (text fig. 153). An-
terior and posterior hinge lengths both variable, former in-
creasing with respect to length at a slightly decreasing rate
(text fig. 154), latter increasing at a slightly increasing rate
(text fig. 155).

Disc exterior ornamented with a variable number of radial
plicae, tending to increase in number by etther intercalation or
splitting but at a very variable rate (PI. 6, Figs. 10-12, PL. 7,
Figs. 1-23, PL. 8, Figs. 1-3, 5-20). Between 17 and 30 plicae
at the earliest stages in ontogeny, berween 17 and 98 at L: 20
(text fig. [46), between 17 and 121 at L: 40 (text fig. 146) and
between 17 and at least 62 at L: 60 (text fig. 146). Plicae bear-
ing variably spaced imbricate comarginal lamellac which tend
to be closer and lower in forms with more plicac. Lamellae
generally lower on night cf. left valves of all forms.

Shell thickness moderate.

4. DISCUSSION

oD

Figs. I, 5) [21:60];

the sole observed types of:

P ambigius Monster (BSPHG AS VII 620; PL 7,
Fig. 17) [32: 36].

. P subtextorius Monster (BSPHG AS VII623: Pl 7,

Fig. 16) [41: 30];
the holotype (M) of:

. P semispinatys TerouEw and Jourpy (ENSM L342;

Pl. 7, Fig. 4) [22:20];
the sole observed syntype of:

. ‘P.” paraphoros Bornv (BSPHG) [43:16);

the sole observed type of:

. ‘P’ pelops i Lorior (MNS B.03982; Pl 7, Fig. 6)

[20:34];

a possible syntype of:

‘P.” episcopalis pE Lorior (MNO 3761; PL. 7, Fig. 18)
[38:26];

svntypes of:

. ‘P.* (Chlamys) Etiveyensis be Lorior (MNS B.03986;

Pl 7, Fig. 22) [40:38];

10. “P.” desmoulinsianus Cotreau (MNS B.03987; Pl. 7,
The lectotype (herein designated) of ‘Pectinites’ textorius Figs. 2, 3) [18:12];
Schurothriv (HM M23; PL. 8, Fig. 20) is a poorly preserved th}e sole_ observed syntype Olf: ) )
T T L MR i oni (1) clealy 11. Ch. articulata var. notgroviensis I:xm.s and RicHARD-
fall within the range of the species described in Section 3. The son (BM L41976; PL. 7, Fig. 19) [27:51];
latter, by reason of the historically senior position of ! the SOIC. observed type of:
SCHLOTHENY's taxonomic species is therefore known herein- 12. Ch. articulata var. sauzeana P:RIS and RICHARDSON
after as Chlamys (Ch.) textoria. (BM L+41978: PL 7,.Flgs. 1, 7) [21:56];
The foll o . i the holotype (M) of:
1¢ Tollowing type specimens cannot 'be eI e 13. Ch. neumarktensis Konn (BSPHG AS I 867; Pl. 7,
Ch. (Ch.) textoria by their metric proportions and their plical Fig. 13) [26:48];
c:unts at tb: given lcr?gth (in square brackets) also fall within the alleged holotype (M) of:
the range of the species. 14. ‘P’ texturatus Monster (BSPHG AS VII 619; PL. 7,

The sole known type of:
2. ‘Pecten’ vimineus |. ok C. Sowrrsy (BM 43318; PL. 8,

Fig. 21) [46:63];
and the svntypes of:
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Text fig. 152:  Chlamys (Ch.) textoria — depth of byssal notch/length.

15. ‘P. Phillis 0’OrBicny (MNO 2075A-C; Pl. 6, Fig. 10,
Pl. 7, Fig. 5) [respectively 17:31, 19:39, 21:29].

16. ‘P.” subarticulatns 1’Orsiony (MNO 4286, 4286A)
[respectively 19:39, 19:30].

The original figures of the following are similarly insepara-

17. *P. virguliferns Pricuies [39:20].

18. “P.” subimbricatus Roemer [60:33.5].

19. “P.” palosus StoLiczaa [45:23].

20. ‘P.” Sismondae CapeLuni [36:23].

21. *P.” Fortunatus DusmoRTIER [36:45].

22, P anastomoplicus Grvvrriaro and D1 Brasi[20:65].
‘P.” erctensis GEnnveLLarO and D1 Brasi [32:37].
‘P.” Ferax of Loriot [50:27].

. ‘P (Ch.) silanus Greco [35:26].

‘P.” (Ch.) blyensis pe Lorior [36:38.5].

‘P." (Ch.) Bourgeat: bk Lorior [18:35].

‘P.7 subambiguns Borissian and Ivanorr [19:40].

4+
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Metric proportions of the original figures of the following
are inseparable from Ch. (Ch.) textoria but the number of
plicae cannot be counted due to poor drawing, although it ap-
pears to be within the range of the latter species.

29. ‘P textorins tornlosi QUENSTEDT.

30. ‘P.’ secrris DUMORTIFR.

The following type specimens plot outside the range of rext
figs. 148-155 for the parameters stated but may be considered
to be extreme variants of Ch. (Ch.) textoria since their plical
counts at the lengths stated are within the ranges described in
Section 3.

The holotype (M) of:

31. ‘P.” Quenstedt: Buake GPIT 2-92-3; Pl. 6, Fig. 12),
high H/UA [20:80.5];
the sole observed syntype of:

32. “P. textorius albus QuenstepT (GPIT), low H/UA
[47:16.5]:

the sole observed type of:

33. *P. subtextorius Schnaitheimensis QuenstenT (GPIT
4-92-7; PI. 8, Fig. 13), high H/UA and HAA/L
[43:27];
the sole observed syntype of:

34. ‘P’ lLicunarius Rorneierz (BSPHG AS XXIV 525
Pl. 6, Fig. 11), low H/UA [25:22].

The following original figures are considered to be insepar-
able for the same reasons.

35, ‘P.’ Benedicti ContrjEaN, high H/UA [30:20.5].

36. ‘P.’ subreticulatus Storicza, low H/UA [70:32.5].

37. *P.” Rollet Storiczra, low H/UA [50:32].

38. *P." verticillus Storiczaa, low H/UA [70:38].

39. *P." splendens Dotirus, low I;/L [30:68.5].

40. *P." (Ch.) Veneris Gramrrraro and Di Buasi, low
H/UA [80:19]).

41. “P.” Guyoti pr Lowrior, high H/L and H/UA [35:54].

42. ‘P.” moravicus Reues, high H/UA [25:28].

43, *P.’ strambergensis Remes, high PH/L [18:15.5].

Although it has not been possible to accurately measure the
number of plicae in the original figures of the following
species, the overall density of the ornament (in square brack-
ets) appears to be within the range of Ch. (Ch.) textoria and
the anomalous metric proportions stated are probably a con-
sequence of enlargement or distortion in illustration.

44, *P.’ Billot: Contejean, high H/UA [coarse].

45, ‘P. Ponzu GremMmeLLArO, low H/UA [fine].

46. ‘P> Ugolinii Fucini, low H/UA [fine].

The figure of *P.” capillatus Fucini (47) also haslow H/UA
but the ornament is dense enough [40:9] to suggest that it may
belong to a different species.

In cases 7, 14, 29, 30 and 40 above, the reduction or com-

plete loss of the comarginal ornament is probably due to abra-
sion. In cases 13, 22, 23 and 31 the lack of comarginal orna-
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Text fig. 153:  Chlamys (Ch.) textoria — height of anterior auricle/length.

ment is due to preservation as internal moulds. In 18 and 43
the apparently larger size of the posterior compared to the an-
terior auricle is clearly due to reversal in printing and mea-
surements have been correspondingly altered.

‘P.’ vimineus (2) has been used by Boer (1881a) for forms
said to have as few as 16 plicae (1. e. outside the range of Ch.
(Ch.) textoria). Boenw’s figures do not, however, support
this claim since they depict specimens with 18-19 plicae.
KRrenkEL (1915) has applied J. e C. SowErsy’s specific name
to forms which, by the irregularity of the ornament, are prob-
ably referable to Eopecten.

‘P.” Quenstedti (31) was erected by Braxe (1875) for the
specimen which was incorrectly referred to ‘P.” dentatus J. b
C. Sowerey by QuensteDT (1858). ‘P.” moravicus (42) was
created by Rewvies (1903) for the original of ‘P.” n. sp. (Bokmm,
1883), among other specimens.

QUENSTEDT’s subspecies ‘P.” textorius torulosi (29) and ‘P.”
subtextorius Schnaitheimensis (33) were subsequently raised
to specific rank by respectively Ernst (1923) and THURMANN
and Ervatton (1862). Although outside Quenstept’s
hypodigm, THurvanN and ETaLion’s species (with 18 plicae
throughout ontogeny) is within the present author’s
hypodigm for Ch. (Ch.) textoria. Varietal use of the name tor-
unlosi (see Synonymy) does not differ from the original
hypodigm. Subspecific use of ‘P.” secseris DUMORTIER (30) by
MELviLLr (1956) is also within the original hypodigm.

‘P’ (Ch.) Etiveyensis pE LorioL (9) was created for the
holotype (M) of ‘P.” icaunensis Cotreau in the belief that the

latter name was a junior homonym of a Neocomian species.
In fact the Neocomian species was described after the Jurassic
species in CotreAU’s work (1855: 115) thus it could be argued
that the latter is the senior homonym and that e LorioL’s
species is therefore a junior objective synonym which must be
rejected.

‘P.” subarticulatus D’ OrsioNY (16) must be rejected since 1t
is a junior primary homonym of a Valanginian species de-
scribed by Rorever (1839).

The following specimens are too poorly preserved to allow
measurement of the metric proportions plotted in text
figs. 148-155. However the general form and number of
plicae (in square brackets) is within the range of Ch. (Ch.)
textoria of comparable size.

a. Thesyntypes of ‘P.” Luciensis D’ORBIGNY
(MNO 2910) [20].
b.  Thesyntypes pf ‘P.” Camillus 0’ ORBIGNY
(MNO 3400A-D; Pl. 7, Fig. 10) [23-24].
c.  Thesyntypes of ‘P.* Opis D’ORBIGNY
(MNO 3762, 3762A, 3762B) [30].
d.  The syntypes of ‘P. Nisus D’ ORBIGNY
(MNO 4289) [19].
e.  Thesyntypes of ‘P.* Niso D’ORBIGNY
(MNO 4291, 4291A) [39].
f.  Thesoleobserved type of ‘Eopecten’ articulatus Paris
and RicHarDsoN (BM 1L42060; PL. 8, Fig. 2) [21].
g.  The original of Ch. Rosimon (0’ORBIGNY); STAESCHE
(GPIT 1592/5; P1. 8, Fig. 16) [48].
h. The original of Ch. sp., DEcHasEaUX [18].
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Text f1g. 155:

The original figures of the following are poor illustrations
or depict incompletely preserved specimens. However, they
are similarly inseparable from Ch. (Ch.) textoria.

1. ‘P.’varius LINNAEUS; YOUNG and Birp
(non LinNaEUS) [23].

). ‘P.”elegans YOUNG and Birp [27].

k. ‘P.’textorins var. orbieularis Koct and DUNKER [43].
. ‘P.” Nothus ’OrsiGNY in Boutt [19].

m. ‘P.” Hermanciae ETarLon [25].

n. ‘P.’ Janiformis LUNDGREN [20].

o. ‘P.” Lotharingicits Branco [22].

p-  ‘P.’bipartitus FuTterer [28].

- w»n

N

aj.

BdSE

Chlamys (Ch.) textoria — posterior hinge length/length.

Ch. of. stricta (MONSTER); COSSMANN
(non MoONSTER) [35].

Ch. Gadoisi Cossmany [22].

‘P."(Ch.) sp. indet; Rovtier [22].

‘P.” Labuseni Borissiak and [VANOFF [27].
‘P.” Rolleiformis Fucin [30].

Ch. sp; Cox [27].

‘Aequipecten’ sp; WanDEL [20].

Ch. sp; DEcHasEaUX [18].

Ch. sp. indet; Cox [19].

Ch. kurumensis Kopayastt and Havami [42].
Ch. enantyr Skwarko [30].



The reduced development of comarginal ornament in a, 1,
o, u and x can be attributed to abrasion. However, the
smoothness of the right valve compared to the strong or-
namentation of the leftin “P.” Janiformis (n) may be indicative
of a specific difference. The irregular plication of E. art-
iculatus (f) is only known in two specimens and may be
caused by restricted growth amongst corals (see Section 8).

One of the original syntypes of ‘P.” Nothus (MNO 4284)
was shown by BoutLE (1929) to be representative of Radilopec-
ten inequicostatus. To avoid confusion ©D’ORBIGNY’S
hypodigm was restricted to the specimen (1) which is clearly
an example of Ch. (Ch.) textoria.

The figures of ‘P." peruanus Titmann, ‘P.” psendotextorius
RepricH; Borissian and fvanore, Ch. Meriani (GREPPIN);
StarscHE (non GreepiN), ‘P.” (Ch.) sp; DietricH, ‘Entolinm’
(?) Stoliczkai (GrvMELLARO); LENTINI (non GEMMELLARO),
Ch. (‘Aequipecten’) cfr. wvelata (Gorruss); LEnTINI (non
Gorpruss) all depict imperfectly preserved specimens in
which neither the number of plicae nor the metric proportions
could be accurately measured. However, except in the case of
‘P.” pernanus (where there is some resemblance to Ch. (Ch.)
valoniensis), the overall form and disposition of the plicae
leave little doubt that they should be included within Ch.
(Ch.) textoria. RepLicH’s  original
‘P.> psendotextorius has yet to be traced.

description  of

The figures of ‘P." textorius vy QUENsTEDT and
‘P.> canaliculatns Terourm and Pierte depict fragmented
specimens but the characteristic ornament of Ch. (Ch.) tex-
toria is clearly visible.

The original description of Ch. (Ch.) bedfordensis Durr
specifies, in contrast to Ch. (Ch.) textoria, different numbers
of plicae on the right (70) and left (40) valves. However, it is
not clear whether the description is based on a bivalved
specimen and the holotype (OD; a right valve) of Ch. (Ch.)
bedfordensis (BM LL27724) is very similar to small, finely
ornamented specimens of Ch. (Ch.) textoria. Bearingin mind
the great variability in the number of plicae in the latter species
Ch. (Ch.) bedfordensis may well be synonymous.

The major proportion of the disc ornament in Ch. (Ch.)
wunschae Marwick 1s very similar to Ch. (Ch.) textoria but
the existence of what appears to be *Camptonectes-ornament’
on the anterior and posterior dorsal margins probably serves
to distinguish the species.

The specific name articulatns Scurothem has frequently
been applied (see Synonymy) to coarsely ornamented forms
of Ch. (Ch.) textoria following the illustration of such aform
under ‘P.° articulatus by Gorpruss (1833). However,
v. SeeacH (1864) and Cosswann (1911) have examined
ScHLOTHEIM's ty pe material and pronounced it to be represent-
ative of P. vagans J. b C. SOwersY (= Radnlopecten vag-
ans). Subsequent illustration of syntypes by StarscHr (1926,
pl. 1, figs. 10, 11) has confirmed distinctiveness from Ch.
(Ch.) textoria (and thus the inappropriate use of the name by
Gororuss and later authors) although the affinities of the
specimens seem to be with R. inequicostatus. v. SEEBACH con-
sidered that J. pe C. SowersY’s specific name viminens
should be applied to forms like ‘P.” articulatus Gorpruss but
DE Lorior (1894) reckoned J. pe C. SowEersy’s species (from
the tnferior Oolite [Cox and Arkerr, 1948]) to be distinct
from that of Gotoruss (from the Tithonian) and therefore
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created a new name (nattheimensis) for the latter. Cossmany
created Ch. bathonica for similar specimens from the Batho-
nian, reasoning apparently that mere stratigraphic separation
merited a specific distinction. Orprr (1858) created ‘P.° De-
walquei for specimens referred to *P.” articulatus by Crarurs
and Drwarour (1853) which he presumably considered to be
outside Gororuss’ hypodigm for the species. The variety
Jurensts Ricur (1893) was created for forms with compound
plicae and raised to specific rank by Rotiier (1911). Since this
feature is a common aspect ol the variation in coarsely or-
namented Ch. (Ch.) textoria (e. g. Pl. 7, Fig. 11), ‘P.”(Ch.)
jurensis can salely be synonymised.

Rovtier’s species ‘P.” (Ch.) protextorius, ‘P." (Ch.) Schom-
bergensis, ‘P.> (Ch.) Brisgoviensis, ‘P.” (Ch.) Schlippei and
‘P.” (Ch.) Lycetti were erected for specimens which he con-
sidered had been incorrectly assigned to synonyms of Ch.
(Ch.) textoria by previous authors (respectively ‘P.” textoruus
torulost QUENSTEDT, ‘P.” textorins SCHLOTHEIM; QUENSTEDT,
‘P." ambiguus MonsTEr; Schrippe, ‘P." Dewalquei OpreL;
ScHLiepr, ‘P.” articilatus Scurotrent; Lycett) but which are
within the present author’s hypodigm for Ch. (Ch.) textoria.

¢

The affinities of ‘P.” Palaemon »'OrBiGNY, ‘P.° dispar
Trrouen, ‘P.” textilis MonsTer and ‘P.” Triger: OrpeL (and
subsequent references thereto) are discussed under respec-
tively, Entolium (E.) lunare, Ch. (Ch.) valoniensis and
Camptonectes (C.) subulatus (last two).

In the interests of brevity secondary references to
synonymous species are only listed in the synonymy where
they occur in major works (e. g. Srtaescur, 1926, Dr.
CHASEAUY, 1936) or where they are of relevance to the preced-
ing discussed or sections 5-10. Further secondary references
may be traced in Roesrr (1839, QuUENSTEDT (1843, 1852),
p’OrBIGNY (1850), Bronn (1852), Orrer (1866), Lause
(1867), WaaGen (1867), Brauns (1871), Tate and Braxke
(1876), Lunpcren (1881), Simpson (1884), BEHRFNDSEN
(1891), SiemirapzK1 (1893), BeTToNI (1900), Cossmann (1900),
TrAUTH (1909), Simtonescu (1910), BrascHae (1911), RovLiier
(1911), Cossyann (1919), Cox (1928), Vinassa DE RGNy
(1933), Ranus (196+), UrLicos (1966), BarsuLescu (1971) and
NitzorouLos (1974).

5. STRATIGRAPHIC RANGE

The earliest zonally defined records of Ch. (Ch.) textoria
are from the Planorbis zone (Hettangian) of S. England (au-
thor's collection), the Rhone Basin (DunorTirr, 1864), the
Northern Alps (Neuvayr, 1879) and Peru (Tiaann, 1917).
Earlier records may however be constituted by occurrences in
the ‘Rhaeto-Lias’ of E. France (TrrouEwm, 1855) and N. ltaly
(Careruing, 1866). Apart from the above and records from the
Angulata zone of S. England (BM 77247) and E. France
(Terouent and PietTe, 1865) the species is unknown until the
Sinemurian when it becomes widespread and locally com-
mon. Numbers in the L. and U. Pliensbachian are perhaps
somewhat reduced but the species remains widespread until
the Toarcian. tn the L. Toarcian Ch. (Ch.) textoria appears
only to occur in any numbers in the Tenuicostatum zone of
Luxembourg (MauserGr, 1851) and the Bifrons zone of the
Lyonnais (DuvorTier, 187+4; Riaz, 1907; Rovan, 1926). Cer-
tain U. Toarcian records are limited to specimens from the
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Text fig. 156:  Chlamys (Ch.) textoria — European distribution.

Cotswolds (BM 1L41990), E. Spain (Brtmer and GEver,
1966), Portugal (Harram, 1971), L. Saxony (Ernst, 1923)
and Swabia (StaescHr, 1926); the latter being the only area
where the species occurs fairly frequently. Other Toarcian
records in the literature (Verneuir and Cotroms, 1952
J. MENEGHINI, 1881; BurcnHARDT, 1903; Lanouing, 1929;
DrcHaskaux, 1936) are from unspecitied horizons within the
stage and refer to indeterminate numbers of specimens.
‘Toarcian’ museum specimens, apart from those which are
representative of the above records, are limited to three ex-
amples from Normandy (BM 65891, 65897, 1.38023) and one
from Chile (BM LL26315).

In the Aalenian Ch. (Ch.) textoria again becomes locally
common and continues thus through the Bajocian. In the
Bathonian common occurrences are considerably more
sparsely distributed and in the Callovian the species is only
known to occur commonly at one horizon (Lamberti zone of
Brora, Scotland). Apart from specimens from this locality
undoubted examples of Ch. (Ch.) textoria from the Cal-
lovian in museums are limited to nine specimens from the
E. Paris Basin (MNO [3], MNP {3}, GPIT [2], DM) wwo
from S. Germany (BSPHG, GPIG), two from Poland (BM
LL17246-7) and two from England (SbM, OUM J4823). Bib-
liographic records excluding those which refer to the above
specimens are [imited to Russia (Lanusen, 1883; Borissiak
and IvaNorr, 1917), Rumania (Barsuiescu, 1961), S. Ger-
many (Scuiiepe, 1888), the E. Paris Basin (DecHasFaux,
1936), the Rhone Basin (Lissajous, 1910, 1923) and England
(Douctas and ARkeLL, 1928; Cox and ARKELL, 1948) and the
number of specimens in each case is probably small.

In the Oxtordian Ch. (Ch.) textoria again becomes locally
common and continues thus until the U. Tithonian (Boenm,
1883; Rrwues, 1903; Kiuian and GuesHArD, 1905; Yin, 1931).
However, distribution is at all times somewhat patchy.

6. GEOGRAPHIC RANGE

In the Lias Ch. (Ch.) textoria is known from a great many
localities over a large area of Europe (text fig. 156) and at the

same tine it occurs widely in S. America (text fig. 157). The
palacolatitudinal range is thus about 100°. Since the species
occurs in the Planorbis zone of both Europe and S. America
migration to produce the disjunct distribution must have oc-
curred either very early in the Jurassic or in the Triassic. The
lack of direct shelf connections over this period would have
forced Ch. (Ch.) textoria to use extremely long routes
through either the Arctic or Antarctic regions if deep waters
were to have been avoided. 1f the occurrence of specimens in
the L. Jurassic outside Europe and S. Americais at all indica-
tive (by way of signifying the existence of populations which
might be relicts) of the route taken, then the records of Ch.
(Ch.) textoria from Japan and Siberta suggest that the Arctic
route was adopted. However, the apparent absence of Ch.
(Ch.) textorta from the L. Jurassic of western N. America
(Havaui's [1961] record from N. America presumably refer-
ring to specimens collected from E. Greenland by Rosen-
KRANTZ [1934]) argues against this hypothesis and since Mar-
wick's (1953) single, doubtfully conspecific, specimen (sce
Section 4) is the only record from the L. Jurassic of Oceania
the Antarctic route seems also to be precluded. The available
evidence therefore suggests that Ch. (Ch.) textoria was able
to migrate via the direct, deep water route of the Tethys and
Pacific Oceans.

During the Toarcian Ch. (Ch.) textoria became much
more sparsely distributed in Europe and outside the continent
the species may well have been restricted to S. America.

During the Aalenian Ch. (Ch.) textoria was apparently
confined to Europe where, however, it became more wide-
spread although largely absent from the peri-Mediterranean
region. A similar pattern of distribution was maintained
throughout the rest of the Jurassic in Europe.

In the Bajocian the range extended along the southern
shores of Tethys and apart from an apparent break in the
Bathonian (which may be a function of collection failure) the
species persisted in the latter area unul the Kimmeridgian.
WaNDEL's (1936) single specimen from the Oxfordian of the
E. Indies may indicate a similar spread along the northern
shores of Tethys.
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Text fig. 157: Chlamys (Ch.) textoria — World distribution (Callovian reconstruction).

The particular abundance of Ch. (Ch.) textoria m the Cal-
lovian of Cutch, India (Cox, 1952) in conjunction with the
scarcity of the species in Europe (see Section 5) at this time
suggests a shift in the centre of population,perhaps as a re-
sponse to the widespread development of unfavourable
bituminous shale facies (see Section 8) in the latter region.

In the Tithonian the range of Ch. (Ch.) textoria may well
have contracted into Furope.

7. DESCRIPTION OF ECOLOGY

Rather than laboriously catalogue the particular variants of
Ch. (Ch.) textoria present at a given locality the author has
taken the liberty in the following description of referring
specimens to one of three arbitrarily defined groups, charac-
terised by the presence of 17-26 plicae, 27-36 plicac and more
than 36 plicae at L: 20, known hereinafter as the ‘coarse’, ‘in-
termediate’ and ‘fine’ phenotypes respectively.

Ch. (Ch.) textoria first occurs in any numbers in the
Sinemurian when however it 1s found widely in all the major
facies developed in the stage. It is particularly common in the
Arietenkalk (Bucklandi zone), a predominantly clay and mic-
ritic limestone sequence in S. W. Germany, where it reaches
amaximum height of 53 mm (GPIT). All specimens in which
the shell is preserved belong to the ‘fine’ phenotype. The
species is also common in the stratigraphically slightly higher
chamosite oolites of the Frodingham Ironstone (Semicos-
tatum-Obtusum zones) where it reaches amaximum height of
37 mm (author’s collection). The majority of specimens be-
long to the ‘intermediate’ phenotype but the ‘fine’ phenotype
also occurs (assoc. fauna, p. 69). ‘Fine’ phenotypes consti-
tute all the records of Ch. (Ch.) textoria from the
U. Sinemurian Hierlatz Limestone of the N. Alps. Such
phenotypes also form the basis for the many records of Ch.
(Ch.) textoria from clays and micritic limestone in the
L. Pliensbachian of S. W. Germany and the E. Paris Basin
(where the species reaches a maximum height of 73.5 mm
[DecHAsEAUN, 1936]). ‘Intermediate’ and ‘coarse’ phenotypes

from this stage are restricted to two specimens from Germany
(BSPHG; Pl. 7, Fig. 12) and one from Lorraine (NM).

Ch. (Ch.) textoria is widespread in the U. Pliensbachian
but appears only to be common in micritic limestones in
Swabia (StascHE, 1926) where it reaches a maximum height
of 60 mm (BSPHG). No specimens are known from sandy
facies in substage (e. g. Sandy Series, Yorkshire; Down
Cliff and Thorncombe Sands, Dorset) and the species is rare
in chamositic colite facies (e. g. Cleveland and Banbury Iron-
stones) although it reaches a maximum height of 88 mm
(BM 20166). In similar facies in the L. Toarcian of the Lyon-
nais the species is common but reaches a maximum height of
only 36.5 mm (ENSM). ‘Intermediate’ phenotypes are more
common than ‘fine’ but in argillaceous facies in the same sub-
stage in Luxembourg (Mauserce, 1951), Ch. (Ch.) textoria 1s
represented only by ‘fine’ phenotypes (maximum height
35 mm [BSPHG]H). All but one (GPIG) of the museum speci-
mens examined by the author from argillaceous facies in the
U. Toarcian of Swabia exhibit the ‘fine’ phenotype. The max-
imum height attained 1s 53.9 mm (Staescre, 1926). The as-
sociated benthic fauna is considerably reduced in density and
somewhat reduced in diversity.

No specimens of Ch. (Ch.) textoria have been recorded
from Toarcian bituminous shale deposits. An isolated speci-
men exhibiting the ‘fine’ phenotype (BM 65897; PL 8,
Fig. 19) from the argillaceous sequence of Normandy is the
largest (H: 73.5) known from the stage.

Although reef and reef-derived deposits are known in the
Jurassic as early as the U. Pliensbachian (Jebel Bou-Dahar,
Morocco [Dusar, 1948]) Ch. (Ch.) textoria delaysits appear-
ance in such facies until the Aalenian, when 1t is found com-
monly in the Pea Grit Coral Bed of the Cheltenham areain as-
sociation with abundant limid bivalves, brachiopods,
bryozoa and corals. All museum specimens which are un-
doubtedly derived from this horizon and locality exhibit the
‘coarse’ phenotype. The maximum height is 52 mm (BM
1.41973). The species is rare in Aalenian chamosite oolites in
Britain (Northampton Sand Ironstone) and S. W. Germany



176

but in Lorraine numerous specimens are recorded, reaching a
maximum height of 65 mm (NM). ‘Coarse” and ‘inter-
mediate’ phenotypes are approximately equally represented.

in the Sauzei zone (L. Bajocian) of Malancourt Quarry,
near Metz (E. Paris Basin), Ch. (Ch.) textoria occurs abun-
dantly in a number of patch coral reefs and in the inter-reet
biosparites and marls. In specimens collected by the author
which are well enough preserved to allow plical counts to be
made only one specimen of thirteen from the reef facies be-
longs to the ‘intermediate’ rather than the *coarse’ phenotype.
Conversely, of ten specimens from the inter-reef facies only
one belongs to the ‘coarse’ rather than the ‘inrermediate’
phenotype. The maximum height of the author’s specimens is
50 mm but a museum specimen (NM) from the same area and
horizon has a height of 74.5 mm. The associated faunain both
reef and inter-reef facies is dominated by the bivalves Cternos-
tveon, Lopha, Lucna, Psendolimea and Trichites, the
brachiopods Cymatorbynchia, Flabellwhynchia, Lobothyris
and Rugitela, the echinoids Hemicidaris and Psendodiade-
ma, the gastropod Bonrgretia and serpulids and bryozoans.
The coral genera Isastrea and Thamnasteria form the bulk of
the reef masses (Hairanm, 1975b).

In the roughly contemporancous Sowerbvi-Banke, a marly
oolite in S. W. Germany, Ch. (Ch.) textoria is common and
reaches amaximum height of 57 mm (GP1G). Of the eighteen
specimens from this bed in the GPIG, fifteen exhibit the ‘in-
termediate’ phenotype, two the ‘coarse” and one the ‘fine’. A
shell bed of approximately the same age (Concavum-Discites
zones) at Bradford Abbas, near Sherborne, Dorset has
yielded numerous examples of the ‘coarse’ phenotype of Ch.
(Ch.) textoria up to a maximum height of 38.5 mm (BM
L11559). The associated benthic fauna is diverse and includes
the bivalves Trigonia and Astarze together with the gas-
tropods ‘Alaria’, ‘Cerithiwm’, ‘Purpurina’ and ‘Spimigera’
and the brachiopod ‘Terebratila’ (Woopwarp, 1894).

tn the U. Bajocian of the Cotswolds Ch. (Ch.) textoria is
common in the Upper Coral Bed (Parkinsoni zone) in associ-
ation with the reef-inhabiting pectinids Spondylopecten (S.)
palinnris and S. (S.) cardinatus. Of the museum specimens
which are certainly derived from this horizon only one (BM
L41968) exhibits the ‘intermediate’ rather than the ‘coarse’
phenotype.

The ‘coarse’ phenotype of Ch. (Ch.) textoria 1s quite
common (author’s collection) in a coral bed in the M. Batho-
nian of the Carriere de Campagnettes (Normandy). The
bivalves Lithophaga, Plagiostoma, Trigonia and Vaugonia
and the brachiopod Moorellina make up the majority of the
associated fauna (T. Palmer, t974). A similar coral bed in In-
dre, where S. (S.) palimorus is an addivonal faunal element,
also contains the ‘coarse’ phenotype of Ch. (Ch.) textoria
(J.-C. Fischrr, 1964).

In the U. Bathonian of Normandy the ‘coarse” phenotype
occurs quite commonly between sponge fronds in the reef-
like structures exposed at St. Aubin. The maximum height 1s
50 mm (author’s collection) and the most abundant elements
of the associated fauna are the sponges Platychonia and Lim-
noria, the bivalve Pligiostoma, the brachiopod Moorellina
and ectoprocts and serpulid worms (T. Paumer, 1974). Ch.
(Ch.) textoria is rare outside coralliferous or spongiferous
deposits in the Bathonian.

The only common occurrence of Ch. (Ch.) textoria in the
Callovian is in the Clylenish Quarry Sandsone (Lamberti
zone, E. Scotland) where the majority of specimens exhibit
the ‘intermediate’ phenotype. The maximum height attained
is 67 mm (BM 1.20601). Most of the remaining few Callovian
records (see Section 5) seem also to be from arenaceous facies.
However, specimens described by Durr (1978) from the
bituminous shales of the L. Oxford Clay (Coronatum zone)
in England (BM LL27724-8) may constitute a record of Ch.
(Ch.) textoria (‘fine’ phenotype) from argillaceous tacies (see
Section 4). The maximum height of Dute’s specimens is
9.7 mm.

In the Oxfordian, Ch. (Ch.) textoria 1s common in de-
posits of the Phicatilis zone in Oxfordshire and in Yorkshire,
where the species reaches a maximum height of 82 mm
(YM 570). According to ArkerL (193ta) specimens from
coral patch reefs generally exhibit the ‘coarse’ phenotype
while those from inter-reef oolites and biosparites show the
‘intermediate’ phenotype. In the succeeding Transversarium
zone deposits in Yorkshire (Coral Rag), examples of the
‘coarse’ phenotype (author’s collection) are associated with
almost in situ corals at Whitewall Corner Quarry, near Mal-
ton (assoc. fauna p. 157). tn the Ringstead Coral Bed
(Pseudocordata zone) both ‘coarse’ and ‘intermediate’
phenotypes are found but the former become relatively more
common to the east, paralleling an increase in the abundance
of corals (Forsich, 1976). There are no records of Ch. (Ch.)
textoria from the Oxfordian part of the Oxford Clay.

The ‘coarse’ phenotype is quite common in the Oxfordian
coral reets developed in the Swiss Jura (nr Loriot, 1893) and
the Yonne (MNP, assoc. fauna, p. 88). At least in the latter
area specimens exhibiting the ‘fine” phenotype (reaching a
maximum height of 46 mm [MNP]) are also quite common in
non-reef biomicrites. The ‘intermediate’ phenotype is absent
from both areas.

Ch. (Ch.) textoria does not appear to be common else-
where in the Oxfordian.

In the marly limestones of the Baden Beds (Kimmeridgian)
in the Swiss Jura ‘intermediate’ phenotypes of Ch. (Ch.) tex-
torta are quite common (DE Loriot, 1878). Only seven of the
nineteen museum specimens (GPIT [14], GPIG [4], BSPHG)
which are undoubtedly derived from similar facies in the
U. Jurassic of the Swabian Jura exhibit this phenotype (H pax:
39, GP1T). The remainder is made up of specimens displaying
the “fine’ phenotype (Hpay: 36, BSPHG). Both the “inter-
mediate’ (DorLrus, 1863) and ‘coarse’ (DE Lorior and PELLAT,
1875) phenotypes are recorded from clays in the Kimmerid-
gian of the Boulonnais but the numbers are indeterminate and
probably small.

Ch. (Ch.) textoria is recorded from Kimmeridgian coral-
liferous facies in Franconia (BormM, 1881a) and the Jura
(CONTEJEAN, 1859; THURMANN and EraLton, 1862) but is un-
known at La Rochelle. In the L. Tithonian reef complex at
Neuburg (assoc. fauna, p. 88) the species is common
(Y amani, 1975). ‘Coarse’ and ‘intermediate’ phenotypes ap-
pear to be about equally frequent but the “fine” phenotype 1s
represented by only two specimens. By contrastof the eleven
museum specimens (GPIT [9], BSPHG [2]) derived from
L. Tithonian reef complexes elsewhere in S. Germany fully
six exhibit the “fine’ phenotype. The remainder is made up of



three ‘coarse’ and two ‘intermediate’ phenotypes. Gemmer-
1aro and Di Brast (1874) record seven specimens of
Ch. (Ch.) textoria from contemporaneous coralliferons
facies in Sicily of which six exhibit the ‘coarse’ and one the ‘in-
termediate’ phenotype. Boenm (1883) records 60 representa-
tives of the ‘coarse’ phenotype from U. Tithonian reef lime-
stones at Stramberg. Only one example of the ‘intermediate’
(BSPHG) and none of the ‘fine’ phenotype are known from
this horizon and locality. In other Tithonian reef facies in
Languedoc (Y, 1931) and the Maritume Alps (Kitian and
GuEBHARD, 1905) Ch. (Ch.) textoria is represented solely by
the ‘coarse’ phenotype. However in Isere (FAURE-MARGUERIT,
1920) the ‘fine’ phenotype seems also to be present.

STAESCHE (1926) reports common examples of the ‘coarse’
phenotype from the Brenztaloolith, an oolite passing laterally
into coral/Diceras facies in the L. Tithonian of S. W. Ger-
many. A single specimen from the ‘Portlandian’ of the Yonne
(DEecHASEAUX, 1936) is the only record of Ch. (Ch.) textoria
from any horizon in the Jurassic where the associated fauna
(in this case an abundance of Cyrena and Corbula |ArkrLL,
1956)) is indicative of reduced salinity.

8. INTERPRETATION OF ECOLOGY

The strong correlation, apparent from Section 7, between
the occurrence of the ‘coarse’, ‘intermediate’ and ‘fine’
phenotypes and the existence of respectively reefs, non-reefal
arenites and argillaceous sediments is the basis for considering
that the majority of the variation exhibited by Group 3
(p- 161) is ecophenotypic and is concordant with the view
that all members of Group 3 belong to the same species, Ch.
(Ch. textoria. The lack of a strict phonotypefacies corres-
pondence does not necessarily weaken the grounds for this
dual hypothesis since there 1s no reason to suppose that the
boundaries of the phenotypes, arbitrarily defined at the out-
set, shonld agree perforce with the limits of variation in each
facies.

The relatively large number of ‘intermediate’ phenotypes at
Nenburg may merely reflect the development of inter-reef
arenites while the high proportion of ‘fine” phenotypes from
other reef complexes in S. Germany may simply reflect the
developmentof inter-reef argillites. {tis also not unreasonable
to suggest that the numerous examples of the ‘coarse’
phenotype in the Brenztaloolith are derived from nearby
reefs. However, derivation from reefs is an implausible expla-
nation for the high proportion of ‘coarse’ phenotypes in the
Aalenian of Lorraine. The nearest reefs are apparently some
250 km away, in Nievre (ArRkiLL, 1956). Furthermore the ex-
clusive occurrence of the ‘coarse’ phenotype in the Bradford
Abbas Fossil Bed is not matched by the presence of a reef-
derived fauna. Similarly there is no evidence of nearby sand-
grade sediments to explain the exclusive occurrence of the ‘in-
termediate’ phenotype in the Baden Beds. [t may be however
that some environmental variable which is itself only loosely
related to sedimentary facies is the real determinant of the
phenotype adopted by Ch. (Ch.) textoria. Thus, until such
ume as their environments are more fully characterised and
shown to be indistingushable from those of sediments con-
taining the ‘normal’ phenotype for the facies, these few excep-
tions imply no need to assume that morphology is not con-

trolled by the environment nor do they require rejection of
the single species hypthesis advanced on p. 161.

An example illustrating the need for detailed facies analysis
1s provided by the reef-like stuctures at St. Aubin, colonised
by examples of Ch. (Ch.) textoria exhibiting the ‘coarse’
phenotype. The vertical elongation of the sponge masses sug-
gests that an upstanding framework existed and since such
was undoubtedly the case in most coral accumulations con-
taining the ‘coarse’ phenotype it is tempting to attribute the
development of the ‘coarse’ phenotype to this factor. How-
ever, closer analysis of the sediments at St. Aubin indicates
that the sponge masses had a relief of no more than a few cen-
timetres above the sea bed and that their vertically elongated
shape is the result of upward growth to keep pace with
sedimentation (T. J. PALMER, pers. comm., 1978; see also T.
Pacmer and Forsich [1981]). Tt therefore seems more likely
that the development of the ‘coarse’ phenotype is due to
growth in a partially enclosed habitat (see Section 9). This ex-
planation incidentally also obviates the need to make the as-
sumption, implicit thus far but possibly invalid in the cases of
the Ringstead and Campagnettes Coral Beds, that coral ac-
cumulations which themselves had little palaeo-relief but
which contain the ‘coarse’ phenotype of Ch. (Ch.) textoria
were derived from unexposed structures of genuine reefal di-
mensions.

The fact that in roughly contemporaneous samples from
each of the Sinemurian and Toarcian, individuals with the
‘fine” phenotype attain a larger size than those with the inter-
mediate phenotype, provides strong support for the view (see
p- 163) that variation in the number of plicae 1s an adaptive re-
sult of developmental flexibility. Tho only case where stunt-
ing may yet be invoked is for the very small, finely or-
namented and questionably conspecific specimens from the
L. Oxford Clay. Here the small size and low diversity of the
associated benthic faunal elements (Durr, 1975) snggests that
conditions were unfavourable for growth, probably asa result
of low oxygen tension.

The absence of Ch. (Ch.) textoria from deep water pelagic
limestones in the M. and U. Jurassic of the peri-Mediterra-
nean region indicates that soupy substrates were not accept-
able. However, the occurrence of the species in the U. Toar-
cian of Swabia, where the reduced density and diversity of the
benthic fauna 1s probably the result of sediment instability,
signifies at least some tolerance in this direction.

Apart from restrictions imposed by soft substrates, low
oxygen tension and reduced sahinities Ch. (Ch.) textoria
seems to have been a remarkably eurytopic species. However,
facies which were colonised at one time were not always oc-
cupied at another.

The absence of the species from reefal facies in the
U. Pliensbachian of Morocco may perhaps be explained by
competitive inferiority to the essentially Tethyan bivalves
Psendopecten (Ps.) dentatus, Ps. (Ps.) veyrasensis, Lithiotis
and Pachyrisma which occur there.

The invocation of competitive inferiority, in this case to
Radulopecten vagans and R. fibrosus, also goes a long way
towards explaining the localised distribution of Ch. (Ch.)
textoria insuitable shallow water facies at later horizons in the
Jurassic. The rarity of the species in anvthing but coralliferous
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and spongiferous deposits in the Bathoman 1s matched by a
corresponding abundance of R. vagans while the rarity of
Ch. (Ch.) textoria in Callovian sands and L. Oxfordian
biosparites in Yorkshire, some M. Oxfordian oolites and bio-
sparites in Oxfordshire, and in the M. and U. substages of
the Oxfordian in Dorset is paralleled by the frequent occur-
rence of R. fibrosus. However, the restricted occurrence of
Ch. (Ch.) textorsa n U. Jurassic argillaceous sediments,
which contrasts markedly with its even distribution in such
tacies in the Lias, 1s not readily explicable by a competitive
reaction and seems to imply an evolutionary reduction in tol-
erance. It is tempting to relate this to the species population
size bottle-neck which must have accompanied the reduction
in geographic range and patchy distribution of Ch. (Ch.) tex-
toriz n the Toarcian and Aalenian (see Sections 5, 6).

The rarity of the species in U. Pliensbachian ironstones in
England and similar facies in the Aalenian of England and
Germany cannot be explained by competitive inferiority or an
evolutionary reduction in tolerance since almost identical sed-
iments with a comparable fauna in the Sinemurian of England
and the Toarcian and Aalenian of France contain numerous
examples of Ch. (Ch.) textoria. Neither can these factors be
invoked to account for the absence of the species from
U. Pliensbachian sands in England since comparable facies

were colonised by the species in the Sinemurian and Caltlovian.

At present no alternative explanation for these anomalous ab-
sences is available. Likewise no plausible explanation can be
offered for the lack of Ch. (Ch.) textoria in coral patch reefs
at La Rochelle. An appeal to the exceptionally high density of
these reefs, such as has heen made to account for the corres-
ponding rarity of the reef-inhabiting species Spondylopecten
subspinosus (see p. 88) is ruled out by the fact that Ch. (Ch.)
textora occurs abundantly in similarly dense structures at
Malancourt.

Disregarding those times when the lack of a particular
phenotype is merely the result of the inability of Ch. (Ch.)
textoria to colonise the relevant facies (see above) the rarity of
the ‘coarse’ phenotype in the L. Jurassic and Callovian, of the
‘intermediate’ phenotype in the L. Pliensbachian and of the
‘fine’ phenotype in the M. Jurassic can be attributed to the
poor development of respectively “reefs’, non-reefal arenites
and argillaceous sediments at these times. The lack of the ‘in-
termediate’ phenotype in the Oxfordian of the Yonne has yet
to be explained. Appropriate facies were apparently well de-
veloped (Mecnien et al., 1970).

9. FUNCTIONAL MORPHOLOGY

The moderate to large byssal notch of Ch. (Ch.) textoria
indicates that the species was byssally attached for at least the
earlier parts of ontogeny. The maximum height of 93.5 mm
(GPIT 2-92-3)in the ‘coarse’ phenotype is comparable to that
in the close morphological analogue Glovipallim pallinm, a
Recent species which remains byssate beneath coral heads
throughout ontogeny (Warter, 1972b). The maximum
height of 80 mm (YM 570) attained by the ‘intermediate’
phenotype is not approached by any Recent morphological
analogue although Ch. vara, an ecological analogue, is
known to reach a height of 63.5 mm (TessLE, 1966) and to
remain byssate throughout ontogeny (SOEMODIHARD]O, 1974).
The maximum height of 73.5 mm in the ‘fine’ phenotype 1s

exceeded by the Recent morphological analogue. Ch. island-
tca (WiBORG, 1963) but it is not clear whether byssal attach-
ment is maintained at these sizes.

The reduced convexity and ornament of the right valve in
Ch. (Ch.) textoria is paradigmatic for tight fixation during at
least some periods in life.

All three of the above analogues are reported to be capable
of swimming although Ch. islandica seems to be more profi-
cient than the others.

The larger plical amlitudes of Ch. (Ch.) textoria in organic
build-ups almost certainly conferred greater strength on the
shell and may therfore have been developed as part of a ‘siege’
policy towards predators. The more strongly developed com-
arginal lamellac on the left valve could have contributed to
such a policy by gripping the substrate and preventing extrac-
tion from crevice ty pe microhabitats, in much the same way as
short spines prevent extraction of the Recent species Ch. dieff-
enbachi from sponges (Beu, 1966). The low plical amp-
titudes, smaller comarginal lamellae and lower H/UA ratios
of Ch. (Ch.) textoria in argillaceous sediments would have
increased streamling and thrust/weight ratio, and hence
swimming ability, and may therefore have been developed in
line with a ‘fugitive’ policy towards predators. It is however
difficult to account in these terms for the development of an
intermediate morphology in arenaceous facies save as a means
of facilitating a joint ‘siege’/*fugitive’ policy. Indeed, while
detracting from a ‘fugitive’ policy, the relatively large comar-
ginal lamellae of forms from arenaceous compared to argil-
laceous facies could have done nothing to enhance a ‘siege’
policy in the lack of an enclosed habitat. Moreover there is no
a priorireason, except perhaps in the case of organic build-
ups, why different policies towards predators should have
been adopted in cach facies. A completely different order of
explanation for the relationship between phenotype and facies
in Ch. (Ch.) textoria may therefore be required. Camou-
flage, relating to the ‘grainsize’ of the substrate, seems the
most likely alternative.

10. ORIGINS AND EVOLUTION

Since Ch. (Ch.) textoria 1s known from the lowest zone in
the Jurassic its origins probably lie in the Triassic. Two
specimens (BM unnumbered; L705, PL. 8, Fig. 4) from the
Muschelkatk of S.W. Germany appear to be within the
phenotypic range of Ch. (Ch.) textoria and may therefore in-
dicate that the species was in existence in the M. Triassic.
Starschr  (1926)  has  suggested that  Ch.
(Scriothen), a species from the same horizon, may have

reticulata

been the ancestor while Decraseaux (1936) has proposed
‘Pecten’ tenwistriatus MouNster for the same role. The later
author cites two species from the Cretaccous, Ch. Goldfussi
(Desuayes) and Ch. Archiaciana (D’ORBIGNY), as possible de-
scendants of Ch. (Ch.) textora.

Maximum height appears to undergo a random oscillation
from the Sinemurian (53 mm)to the L. Pliensbachian (73.5 mm)
to the U. Pliensbachian (88 mm) to the Toarcian (73.5 mm) to
the Aalenian (62 mm) to the Bajocian (74.5 mm) to the
Bathonian (50 mm) to the Callovian (67 mm) to the Oxfordian
(82 mm) to the Kimmeridgian (72 mm; Dollfus, 1863) to the
Tithonian (93.5 mm); GPIT 2-92-3).
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Text fig. 158:  Chlamys (Ch.) valoniensis — height/length.

Chlamys (Chlamys) valoniensis (DEFRANCE 1825b)
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PL. 9, Figs. 1-6; text figs. 158-166

Synonymy

Pecten Valoniensis sp. nov; DEFRANCE, p. 507,
pl. 22, fig. 6.

Pecten lugdunensis sp. nov; MICHELIN in LEY-
MERIE, p. 346, pl. 24, fig. 5.

Pecten Valoniensis DEFRANCE; LEYMERIE, p. 368,
pl. 24, fig. 6.

Pecten acutauritus sp. nov; SCHAFHAUTL, p. 416,
pl. 7, fig. 10.
Pecten dispar sp.
fig. 6.

Pecten cloacinus sp. nov; QUENSTEDT, p. 31,
pl. 1, figs. 33, 34.
Pecten disparilis
pl. 4, figs. 8, 9.
Pecten Falgert MERIAN; STOPPANI, p. 76, pl. 14,
fig. 3.

Pecten janiriformis sp. nov; STOPPANI, p. 76,
pl. 14, figs. 4-6.

Pecten aviculoides sp. nov; STOPPANI, p. 77, pl. 14,
fig. 7.

Pecten barnensis sp. nov; STOPPANI, p. 78, pl. 15,
fig. 2.

Pecten Winkleri sp. nov; STOPPANI, p. 78, pl. 15,
fig. 4.

Pecten valoniensis DEFRANCE; DUMORTIER, p. 58,
pl. 9, figs. 1-6, pl. 10, figs. 1-3.

Pecten dispar TERQUEM; TERQUEM and PIETTE,
p- 103,

Pecten lugdunensis MICHELIN; TERQUEM and
PIETTE, p. 104.

Pecten Falgeri MERIAN; CAPELLINI, p. 479, pl. 5,
figs. 14-19.

nov; TERQUEM, p. 323, pl. 23,

sp. nov; QUENSTEDT, p. 47,

? 1866

-~

1866

72 1866

7 1866

1868

1878

1886

1903

1903

o

1903
(2) 1904

1905
1907

(?) 1907
1909

1925
v 1926

1926
1929

1929

(2) 1929

Pecten aviculoides STOPPANI; CAPELLINI, p. 480,
pl. 5, figs. 20-23.

Pecten janiriformis STOPPANI; CAPELLINI, p. 480,
pl. 6, figs. 1-3.

Pecten Etheridgn sp. nov; TAWNEY, p. 81, pl. 3,
fig. 4.

Pecten Suttonensis sp. nov; TAWNEY, p. 81, pl. 3,
fig. 3.

Pecten valoniensis DEFRANCE; JAUBERT, p- 260.
Pecten (Chlawnys) Uhbligi sp. nov; GEMMELLARO
and D1 BrasI in GEMMELLARO, p. 394, pl. 30,
figs. 8, 10.

Pecten valoniensis DEFRANCE; WINKLER, p. 31.
Pecten  (Chlamys)  wvaloniensis  DEFRANCE;
BISTRAM, p. 36, pl. 3, fig. 3.

Pecten (Chlamys) dispar TERQUEM; BISTRAM,
p. 36, pl. 3, fig. 3.

Pecten (Chlamys) Falgeri MERIAN; BISTRAM,
p-37,pl. 3, fig. 1.

Chlamys cf. dispar (TERQUEM); COSSMANN,
p. 504.

Pecten valoniensis DEFRANCE; H. ALLEN, p. 172.
Pecten (Chlamys) valoniensis DEFRANCE; JOLY,

p- 24.

Pecten (Chlamys) dispar TERQUEM; JOLY, p. 75.
Pecten  (Chlamys)  Valomensis  DEFRANCE;
TRAUTH, p. 91.

Pecten cf. valoniensis DEFRANCE; DUBAR, p. 257.
Chlamys acutanrita (SCHAFHAUTL); STAESCHE,
p- 27, pl. 2, fig. 4.

Chlamys valontensis DEFRANCE; ROMAN, p. 105.
Pecten (Chlamys) valoniensis DEFRANCE; LAN-
QUINE, p. 60.

Pecten (Chlamys) janiriformis STOPPANI; LAN-
QUINE, p. 60, pl. 1, fig. 4.

Pecten (Chlamys) Falgeri MERIAN; LANQUINE,
p. 60.



1936 Pecten (Chlamys) Valonensis DFFRANCE; DFCHAS-
FAUX, p. 27.
Pecten (Chlamys) dispar TERQUEM; DECHASEAUX,
Do &e
1945 Chlamys valoniensis (DIFRANCE); VECCHIA, p. 6.
(?) 1945 Chlamys falgeri (MERIAN); VECCHIA, p. 7.
1950 Chlamys valoniensis (DEFRANCE); ROMAN, p. 25.
? 1951 Pecten sp; TROEDSSON, p. [40.
1953 Chlamys valomensis (IDEFRANCE); MOUTERDE,
pp. 311, 313, 337.
1968 Chlamys wvaloniensis  (DEFRANCE); WOBBER,
p. 306.
1973 Chlamys (Chlamys) dispar (TERQUEM); LENTINI,
p. 24, pl. 14, figs. 8,9, ?pl. 14, fig. 10; pl. 15, figs.
o 25 &g S

(?) 1936

1975 Pecten acuteanritus SCHAFHAUTL; MORBEY, text
fig. 2.

The type material of Pecten Valoniensis Dr-

FRANCE 1825b, p. 507, pl. 22, fig. 6 (originally
housed in Caen, France) was destroyed in
the Second World War. Mr. P. Hobcrs
(University College of Swansea) has obtained
topotype material from the Calcaire de
Valognes (Hettangian) of Normandy with
the intention of designating a neotype.
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Text fig. 159:  Chlamys (Ch.) valomensis — height/umbonal angle.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

None given.

2. DIAGNOSIS

Distinguished {rom both Ch. (Ch.) pollux and Ch. (Ch.)

textoria by the lack of ornament on the plicae.

3. DESCRIPTION

Disc sub-ovate, higher than long, early in ontogeny, be-
coming sub-orbicular (text lig. 158) near maximum height ot
7 mm (ENSM). Umbonal angle variable (text fig. 159), in-
creasing during ontogeny to produce slightly concave dorsal
margins. Disc tlanks moderately high and ornamented with

vertical striae.

Slightlv inequilateral, posterior sector somewhat larger; in-
equivalve, left valve moderately convex, right valve almost
flat.

Intersinal distance greater in left valve than right, increasing
at adecreasing rate in both (text figs. 160, 161). Depth of bys-
sal notch variable, moderate to large (text fig. 162).

Auricles well demarcated from disc, approximately equal in
size. Anterior auricles meeting hinge line at an acute angle;
posterior auricles meeting hinge line at an obtuse angle. An-
terior auricle of right valve meeting disc at an acute or right
angle; remaining auricles meeting disc at an acute angle. An-
terior auricles bearing 4-6 radial costae.

Height of anterior auricle and lengh of anterior hinge in-
creasing at a markedly decreasing rate (text figs. 163, 164).
Length of posterior hinge increasing with similar but less
marked allometry (text fig. 165).
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Text fig. 161:  Chlamys (Ch.) valoniensis — intersinal distance on right valve/length.

Both valves bearing a variable number of radial plicae
(PL. 9, figs. 1-6), increasing in number by intercalation from
between 20 and 30 early in ontogeny. Right valve with 31-36
atL: 20, about 39 at L: 40, about 49 at L: 60, up to a maximum
of 52atL:67.5 (ENSM). Left valve with 36—45at L: 20, 44-65
at L: 40, 52-72 at L: 60, up to a maximum of 79 at L: 68
(ENSM).

Shell thickness moderate.

4. DISCUSSION

The original figure of ‘Pecten’ Valoniensis DerrRANCE 15 a
poor reproduction of an internal view of a left valve. Metric
proportions (1) plot within the range of the species described
in Section 3 and Levnvertr (1838) and DumorTier (1864), both
French authors who may have had access to the tvpe material,
have applied the name to figured specimens which undoubt-
edly belong to the latter species. Bearing this in mind and the
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Text fig. 163:

fact that the horizon of derivation (Calcaire de Valognes) is
one from which numerous examples of the species described
in Section 3 have been recovered (see Section 7), Drrraxcr’s
name can be confidently applied as senior synonvm to the lat-
ter species, despite the lack of diagnostic features in the origi-
nal figure. Mr. P. Hopces will shortly be designating a
neotype (see above).

The original figure of *P.” lugduncnsis MICHELIN is very rem-
iniscent of Pseudopecten (Ps.) equivalvis (q. v.). However,
DovorTier (1864), who appears to have examined the tvpe
material, has stated that MicHELIN'S species 1s 1n fact equival-
entto Ch. (Ch.) valoniensis and this view has been taken by
fater authors (c. g. Starschi, 1926) who may also have ex-
amined the type matenial. The anomalously low number of
plicae in the right valve (25 at L: 45.5) and the high Iz/L (2) of
the original figure in comparison to Ch. (Ch.) valoniensis
might be the result of respectivelv, preservation as an internal
mould and inaccurate illustration. In view of the somewhat

Chlamys (Ch.) valoniensis — height of antertor auricle/length.

equivocal position of Micuruin's species, Trroury and Pret
Te’s (1865) unillustrated record of *P." lugdunensis can only
tentativelv be placed in synonvmy.

The original figure of ‘P.” acutanrities SCHAFHAUTL seems to
depict an abraded specimen of Ch. (Ch.) valomensis and
what is apparently one of ScHarHAUTL’s syntypes (BSPHG;
AS IX 42; PL9, Fig. 3) undoubtedly belongs to the latter
species. Metric proportions of the original figure (3) are in-
separable from Ch. (Ch.) valoniensis.

The original figure of ‘P.” dispar TerQuEm depicts a right
valve with 41 plicae at L: 42 which has resemblances to both
Ch. (Ch.) valoniensis and Ch. (Ch.) textoria. The specimen
referred to TerOUFW’s species by Bistrav (1903) undoubtedly
belongs in Ch. (Ch.) valoniensis and all but one (pl. 14,
fig. t0, which has imbricate lamellae and is thus closer to Ch.
(Ch.) textoria) of Linting's (1973) examples of Ch. (Ch.) dis-
par are similarly referable. However, in view of the fact that
Trrouew’s original figure has an abnormally high I,/L and



AH/L (4) some doubt must remain as to his hypodigm unuil
the type material is located. With the possibility of confusion
unillustrated records of TerouEM's species in TeroUEM and
PieTTE (1865), CossmManN (1904), Jory (1907) and DEcHASEAUX
(1936) can only tentatively be placed in synonymy.

It has proved impossible to trace the original reference to
‘P.’ Falgeri MERIAN. Specimens figured under this name by
Sroppant (1860) and CarerLing (1866) are clearly representa-
tive of Ch. (Ch.) valoniensis but Bistram’s (1903) figure bears
some resemblance to Psendopecten (Ps.) equivalvis. It is not
clear which, if any, of these authors has examinet the type
material so the position of MERIAN’s species is uncertain. Con-
sequently unfigured records of his species in Lanouine (1929)
and VEccHia (1945) can only be provisionally synonymised.

The position of “P.” janiriformis Stoppant is also in doubt.
Although the original figure is available and resembles Ch.
(Ch.) valoniensis, CapeLLint (1866), who worked in the same
field area (N. Italy) as Storrani and who may have examined
the latter’s type material, has applied his specific name to
specimens which are closer ta Ch. (Ch.) textoria. Whether or
not they correspond to the original hypodigm for ‘P.°
janiriformis, specimens referred to this species by Lanouin:
(1929) undoubtedly fall within the present author’s concept of
Ch. (Ch.) valoniensis.
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CareLuint has also applied ‘P.” aviculoides Storpani, a
species founded on a fragment resembling Ch. (Ch.) val-
oniensis, to a specimen which has closer affinites with Ch.
(Ch.) textoria. With this uncertainty over the position of
Stoppant’s species ‘P.° barnensis and ‘P.” Winkler:, both of
which show similarities to Ch. (Ch.) valoniensis, are best
treated as only provisional synonyms.

The sole observed syntype of ‘P." cloacinus QUENSTEDT
(GPIT 2-1-33; PL. 9, Fig. 5) is indistinguishable from Ch.
(Ch.) valoniensis by the number of plicae on the left valve (44
at L: 36) and by metric proportions (5). The number of plicae
in ‘P.’" Suttonensis TAwNEY (sole observed type, IGS 7830;
Pl. 9, Fig. 4) and ‘P." Uhligi GemmrLraro and D1 Brast has
not been measured but appears to be within the range of Ch.
(Ch.) valoniensis of comparable size. Metric proportions (6
and 7 respectively) are indistinguishable from the latter
species.

‘P.” sp.; TroepssoN was compared with Ch. (Ch.) val-
onizensis and in view of the horizon of derivation (Rhaetic) it
seems verv likely to be a representative of this species.

The affinities of ‘P." disparilis  QuensTEDT — and
‘P.” Etheridgii Tawney are discussed under Camptonectes
(C.) subulatus.

40 60 80

Text fig. 164:  Chlamys (Ch.) valoniensis — anterior hinge length/length.

5. STRATIGRAPHIC RANGE

Ch. (Ch.) valoniensis is first recorded from the L. Rhaetic
Westbury Formation of Glamorgan and Gloucestershire,
where it 1s common. In the U. Rhaetic Lilstock Formation of
the same area it is rare but records from the ‘Rhaetic’ of Lom-
bardy (Storpani, 1860), Spezia (BM L14938), Provence
(LANQUINE, 1929), the Pyrenees (Dusar, 1925), Belgium (Jo-
LY, 1907) and Swabia (GPIG, GPIT) may include specimens
from equivalent horizons as also may records from the
‘Rhaeto-Lias’ of Spezia (CapeLLini, 1866) and Lombardy
(VECccHIA, 1945). The species occurs almost throughout the
type section of the Rhaetian in the Kendelbach Gorge, Aus-
tria (MoRrBEY, 1975).

In the Jurassic Ch. (Ch.) valoniensis is known from the
Planorbis zone (Hettangian) in the Rhone Basin (DUMORTIER,
1864; Roman, 1926), N. ltaly (Bistram, 1903) and S. Wales
(Wossrr, 1968). ‘Hettangian’ records from S. France
(LEYMmERIE, 1838; JauserT, 1868; Roman, 1950), E. France
(DEcHASEAUYX, 1936) and N. W. France (DrrraNcr, 1825b)
probably also stem from this zone. The species is known from
the Angulata zone of Bavaria (WiNKkLER, 1886) but specimens
recorded by Terouem and PieTTE (1865) from this horizon and
from the Sinemurian in E. France are only possibly con-
specific (see Section 4). There is however no reason to doubt
the conspecific status of at least some of the specimens rec-
orded by DecHaseaux (1936) from the Sinemurian of Lor-
raine. Since the latter is the latest stage-defined record of Ch.
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Text fig. 165:

valomensis it 1s doubtful whether ‘1. Lias’ records in

(Ch.)
GeamerLaro (1878) and TravtH (1909) include any specimens
from the L. Pliensbachian.

6. GEOGRAPHIC RANGE
Ch.

fig. 166) but elsewhere is known only from one questionably

(Ch.) valoniensis occurs widely in Europe (text

conspecific specimen (BM L72864) [rom Iran.

7. DESCR{PTION OF LCOLOGY

In the Westbury Formation (L. Rhactic) Ch. (Ch.) val-
ontensis occurs most abundantly i thin limestones contain-
ing numerous examples of the bivalves Rbhaetavicula contorta
and Placunopsis alpmma. tt is however also tound in car-
bonaceous and pyritous shales containing, in addition to
R. contorta and Pla. alpina, Eotrapezium, Lyriomorphia,
Protocardia, Tutcheria and the gastropod ‘Natica’® (Ivivey-

Chlamys (Ch.) valoniensis
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posterior hinge length/length.

Cook, 1974). Ammonites are absent throughout the forma-
tion and brachiopods, bryozoa, crinoids and corals are rare.
In the overlying Lilstock Formation, where Ch. (Ch.) val-
oniensis is rare (D. Jonrs, pers. comm., 1978) the fauna is
even more reduced in diversity with Liostrea, Modiolus and
Plagiostoma the only important molluscan elements.

The number of specimens involved in other Rhaetic records
is not clear but the species mayv well be common in N. lfaly
(sce Sections 4, 5). The maximum height attained in the Rhae-
tic 1s 63.5 mm (BM 50031).

In the Hettangian ot Glamorgan Ch. (Ch.) valomensis is
common in nearshore lithoclast sands containing numerous
brvozoa, brachiopods, and corals but few ammonites (Wos.
8iR, 1968). The species also occurs in thin clay interbeds but
passing eastwards into a continuous offshore argillaceous se-
quence containing a more diverse ammonite and bivalve fau-
na, it becomes progressively rarer.
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Text tig. 166:  Chlamys (Ch.) valoniensis

~ European distribution.



Ch. (Ch.) valoniensis is common in the Gresten Beds
(L. Lias, Austria); littoral sands, shales and limestones bor-
dering the Palacozoic massif of Bohemia and containing
numerous exanmples of Ch. (Ch.) textoria and Psendopecten
(TrauTH, 1909). The species also occurs commonly (Hpax:
77, ENSM) in the Calcaire de Valognes (Hettangian, Nor-
mandy) which may represent a similar littoral facies de-
veloped at the margins of the Brittany massit. Ch. (Ch.) pol-
Inx is an associated faunal element (DuMORTIER, 1864).

Drchaseaux (1936) reports numerous examples of Ch.
(Ch.) valoniensis from nearshore sands in the Hettangian of
Lorraine.

The species is not known to be common elsewhere in the
L. Lias but the number of records from the Hettangian of
S. France (see Section 5) suggests that itis by no means rare in
the latter region. The stage is usually developed in limestones
and marls overlying the Palacozoic basement. Ch. (Ch.) pol-
lux and Pseudopecten are also recorded (Roman, 1950;
MouTrrDE, 1953).

There are no records from the Heuangian of Portugal
where the reduced diversity bivalve fauna (dominated by
Isocyprina and mytilids) is indicative of abnormal salinity
(Boum, 1901). Similar facies in the Hetangian of
N. W. Germany are also lacking in Ch. (Ch.) valoniensis
(Huckrirpe, 1967).

8. INTERPRETATION OF ECOLOGY

It 1s apparent from Section 7 that Ch. (Ch.) valoniensis
favoured nearshore environments although in such situations
both clay-grade and sand-grade substrates were colonised.
Anaerobic conditions (pyritic and carbonaceous horizons in
the Westbury Formation) were apparently tolerable but mark-
edly abnormal salinities (Lilstock Formation; Hettangian of
Portugal and N. W. Germany) were not. The reduced diver-
sity fauna of the Westbury Formation may be indicative of
slightly reduced salinity (D. Jo~rs, pers. comm., 1978) so the
common occurrence of Ch. (Ch.) valontensis could imply a
measure of euryhalinity. However the absence of at least am-
monites could merely be due to the shallow water deposi-
tional environment thus eurytopy in Ch. (Ch.) valoniensis
may extend no further than a tolerance of a variety of fully
marine nearshore situations.

The fact that in the Westbury Formation Ch. (Ch.) val-
oniensis occurs most abundantly at horizons with the lowest
faunal diversity is suggestive of an opportunistic adapuve
strategy (LEVINTON, 1970).

Co-occurrence of Ch. (Ch.) valoniensis and the closely re-
lated species Ch. (Ch.) pollux indicates that even if there was
any tendency for the species to compete, it was suppressed by
niche partitioning. The latter may have been effected by the
use of different byssal attachment sites (see Section 9 and p.
187).

9. FUNCTIONAL MORPHOLOGY

The moderate to large byssal notch and low convexity right
valve of Ch. (Ch.) valoniensis are adaptive for tight byssal
fixation. However ontogenetic decrease in the relative length
of the anterior auricle would have progressively reduced the
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efficiency of the byssus so it is doubtful whether the species
could have remained attached in the adult stage.

The great majority of extant byssally attached pectinids ap-
ply the byssus to a hard substrate and there is no reason to
suppose (ct. Ch. (Ch.) pollux) that Ch. (Ch.) valoniensis dif-
fered from this practice.

The relatively greater convexity of the left valve in Ch.
(Ch.) valoniensis is paradigmatic for swimming. Ontogenetic
increase in the umbonal angle probably served to maintain ef-
ficient swimming in the adult stage.

Intercalation of plicae is paradigmatic for the maintenance
of shell strength and stiffness with increasing size. However,
in view of the fact that many much larger pectinids do not ex-
hibit plical intercalation it must be doubted whether this
was 1ts sole function in Ch. (Ch.) valoniensis.

10. ORIGINS AND EVOLUTION

No obvious ancestors for Ch. (Ch.) valoniensis present
themselves in the Triassic.

Within the species there appear to be no phyletic trends
apart from an increase in maximum height from the Rhaetic
(63.5 mm) to the Hettangian (77 mm).

The post-Planorbis zone dechine of Ch. (Ch.) valoniensis is
approximately correlated with the rise of Ch. (Ch.) textoria
and Pseudopecten. However, the possibility of a causal con-
nection in terms of competition is rendered unlikely by the
fact of the co-occurrence of the former with each of the latter.

Chlamys (Chlamys) pollux (0’OrsIGNY 1850)
P1. 9, Figs. 7, 8; text fig. 167

Synonymy

3

v¥ 1850  Pecten Pollux sp. nov; D’ORBIGNY, v. 1, p. 220

(BOULE, 1907, v. 2, p. 267, pl. 23, figs. 16, 17).

1864 Pecten Pollux D’ORBIGNY; DUMORTIFR, p. 65,
pl. 10, figs. 11, 12, pl. 11, figs. 1—4.

1876 Pecten pollux ©D’ORBIGNY; TATE and BLAKE,
p. 362

1891 Pecten ampbuarotus sp. nov; D1 STEFANO, p. 62.

1894 Pecten pollux D’ORBIGNY; WOODWARD, p. 360.

non 1909 Pecten amphiarotus D1 STEFANO; TRAUTH, p. 90,
pl. 2, fig. 17.
1936 Aeguipecten pollux (D’ORBIGNY); DECHASEAUX,
p-41.

1950 Chlamys Pollux (D’ORBIGNY); ROMAN, p. 25.

1953 Pecten pollux D'ORBIGNY; MOUTERDE, p. 311.

1973 Chlamys (Aequipecten) amalthea (OPPEL); LEN-
TINI, p. 27, pl. 15, fig. 9 (non OPPEL sp.).

1973 Chlamys (Aequipecten) cfr. Pollux (D’ORBIGNY);
LENTINI, p. 27, pt. 16, fig. 1.

(V)

Lectotype of Pecten Pollux 0’OrBIGNY 1850,
v. 1, p. 220 designated herein; MNS 1591;
figured Boutrk, 1907, pl. 23, fig. 16; H: 35,
L:31,1x:17, N: 4, AH: 12, PH: 9, HAA: 7,
PL: 24; Sinemurian, Pouilly (Céte d'Or).
Paralectotype; MNS 1591A; figured Boutr,
1907, pl. 23, fig. 17; also Sinemurian, Pouilly.
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1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘Tres-belle expece a grosses cotes inégales, dont quelques-
unes sont porvues de tres-longues pointes tubuleuses. Au-
dessous de I’O. arcuata, a Pouilly (Cote d’Or).’

2. AMENDED DJAGNOSIS

Disunguished from both Ch. (Ch.) textoria and Ch. (Ch.)
valoniensis by the presence of long tubular spines.

3. AMENDED DESCRIPTION

Shape essentially similar to Ch. (Ch.) valoniensis. Differ-
ing only by the somewhat larger H/UA, by the slight on-
togenetic reduction in the relative size of the byssal notch and
by the tendency for the anterior auricles to meet the hinge line
at a right angle.

Both valves ornamented with between 22 and 27 (usually
24) rounded radial plicae. Those on right valve low, equal in
size, and up to 50% bearing tubular spines up to 5 mm in
length, setatintervals of about 5 mm (Pl. 9, Fig. 7). Those on
left valve markedly unequal in size, 5-7 being larger and bear-
ing robust tubular spines up to 10 mm in length, spaced at in-
tervals of about 10 mm (Pl. 9, Fig. 8). Spines absent from
both valves at shell heights below about 10 mm. Sulci equal in
width to plicae; both traversed by closely spaced fine comar-
ginal striae.

Hinge line of right valve bearing dorsally directed spines up
to 5 mm in length, spaced at intervals of 2-3 mm.

Shell thickness
(BM L65791).

moderate.  Maximum height 53 mm

4. DISCUSSION

The two syntypes of ‘Pecten’ Pollux p'Orpicny are both
right valves, one of which (MNS 1591) is well preserved while
the other (MNS 1591A) is somewhat abraded. The former is
herein designated as lectotype. Although brief, p’Orsiony’s

(1850) diagnosis and description could refer to no Sinemurian
pectinid other than the species described in Section 3. Thereis
consequently no doubt that the first taxonomically valid use
of *P.” pollux was in 1850 (see ICZN Opinion 126) and that
therefore D’ORBIGNY’s species is the senior synonym for the
species described in Section 3.

Di Sterano (1891) provided no illustration of ‘P.” am-
phiarotus but mention in the description of spines and un-
equal pheae leaves litde doubt that the species (from the
L. Lias) is synonymous with Ch. (Ch.) pollux. TrauT’s
(1909) misapplication of Dr STEFano’s specific name is discus-
sed under Psendopecten (Ps.) dentatus.

Since LenTing (1973) referred to 22 ‘ribs’ in his description
of Ch. (‘Aequipecten’) amalthea (Orpir) his use of this
specific name is undoubtedly outside Orprr’s (1858)
hypodigm (= Propeamussium (P.) pumilum). The figured
specimen (from the L. Lias) appears to exhibit abraded spines
and therefore may well be conspecific with Ch. (Ch.) pollux.

5. STRATIGRAPHIC RANGE

A few specimens of Ch. (Ch.) pollux are known from the
uppermost Trias of the N. Calcareous Alps (BSPHG). In Bri-
tain the earliest records ol Ch. (Ch.) pollux are from the
White Lias (= pre Planorbis beds, lowermost Hettangian
sensu Poote [1979]) of the Bristol area (BM L74405,
L77279, L77312, L77313, L78402).

InPlanorbis zone deposits Ch. (Ch.) pollux is known from
a number of localities 1n England (Tate and Brake, 1876;
Woopwarp, 1894) and is reported to be common in the
Rhone Basin (DunorTier, 1864).

Rowman (1950) reports common examples of Ch. (Ch.) pol-
lux from undifferentiated Hettangian in the Rhone Basin and
DumorTier (1864), MouTtirpE (1953) and DecHaseaux (1936)
refer to indeterminate numbers of ‘Hettangian’ specimens
from respectively Normandy, the Rhone Basin and the
E. Paris Basin.
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Sinemurian records are limited to seven specimens from the
Rhone Basin (ENSM [5]; MNS 1591, 1591A) and indetermi-
nate numbers of specimens from the Bucklandi zone of Eng-
land (WooDpwarD, 1894).

It is very doubtful whether ‘L. Lias’ specimens of Ch.
(Ch.) pollux (BM L1548; BSPHG; D1 Sterano, 1891; ?LEN:
Tini, 1973) are derived from horizons higher than the

Sinemurian.

6. GEOGRAPHIC RANGE

Ch. (Ch.) pollux is unknown outside Europe. Within
Europe the species occurs over a broad latitudinal range (text
fig. 167) butis only known to be common in the Rhone Basin
(DUMORTIER, 186+4; Roman, 1950) and Sicily (D1 Sterano,
1891). This suggests a preference for warm waters (however
see Section 8).

7. DESCRIPTION OF ECOLOGY

The common examples of Ch. (Ch.) pollux reported by
Roman (1950) from the Hettangian of the Rhone are derived
from marls containing the bivalves Ch. (Ch.) valoniensis,
Psendopecten (Ps.) dentatus, Plicatula, Plagiostoma and Car-
dinia together with crinoids and corals.

Specimens from the White Lias of the Bristol area (see Sec-
tion 5) are derived from fine grained limestones and are some-
times associated with crinoid debris (e. g. BM L77279).

8. INTERPRETATION OF ECOLOGY
The limited available data suggests that Ch. (Ch.) pollux

preferred low energy environments. The apparent rarity of
the species in sediments indicative of such environments in
N. Furope may be due to a dislike for relatively cool waters
(see Section 6). It may however equally well be a consequence
of the relative rarity of an, as yet unidentified, commensal or-
ganism (see Section 9).

The co-occurrence of Ch. (Ch.) pollux and the probable
ancestor, Ch. (Ch.) valoniensis (also see p. 185), suggests
that any compeutive tendencies which the species may have
had were suppressed by niche partitioning (see Section 10).

9. FUNCTIONAL MORPHOLOGY

The moderate to large byssal notch and only moderate
adult size (Hpax: 53) of Ch. (Ch.) pollux suggest that the
species was byssally attached through most, if not all, of on-
togeny. Thelow convexity of the right valve suggests that Ch.
(Ch.) pollux was tightly fixed. The existence of spines on the
right valve is non-paradigmatic for such a mode of life on hard
substrates but is adaptive (providing additional purchase) for
ught fixation on softsubstrates. Since spines on the right valve
and a large byssal notch are presentin Ch. dieffenbachi, aRe-
cent species which lives within sponges (Bru, 1966) it may be
that Ch. (Ch.) pollux was tightly attached to this or some
other group of soft bodied organisms.

The spinose ornament on the right valve of Ch. (Ch.) pollux al-
most certainly did not actas an adaptation for a late ontogenetic re-
clining phase either in the form of an anchor or as a device to prev-
ent sinking into the sediment (see p. 83). The low environmental

187

energy and fairly firm substrates indicated by respecuvely, argil-
laceous sediments and a diverse associated epifauna, would have
created no need for either of the above adaptations. Spines on the
left valve could have served no useful purpose for reclining in either
of the above contexts.

10. ORIGINS AND EVOLUTION

Ch. (Ch.) pollux 1s almost certainly a descendant of Ch.
(Ch.) valoniensis from which it differs significantly only by
the reduced number of plicae and the presence of spinose or-
nament. Since the adult number of plicae in Ch. (Ch.) pollux
is roughly equivalent to the juvenile number in Ch. (Ch.)
valoniensis, Ch. (Ch.) pollux may be neotenous with respect
to this character. The evolution of spinose ornament cannot
be explained by heterochrony in the absence of ancestral
allometry and suggests therefore that speciation may well
have infolved changes in the structural genome as well as
the regulatory changes implied by neoteny.

Since Ch. (Ch.) pollux appears to arise within the geo-
graphic range of Ch. (Ch.) valoniensis the possibility of sym-
patric speciation cannot be ruled out. However, since there is
no evidence that Ch. (Ch.) valoniensis ever attached 1tself to
the soft-bodied organisms to which Ch. (Ch.) pollux was
presumable restricted (see p. 185 and Section 9), the author
can propose no means by which such sympatric speciation
might have been effected (cf. Campronectes (Camptochlamys)
clathratus).

Within Ch. (Ch.) pollux the detection of any definite
phyletic changes in morphology is precluded by the paucity
of specimens available for study. Maximum height may un-
dergo a decrease in the passage from the Hettangian (53 mm;
BM L65791) to the Sinemurian (35 mm; MNS 1591).

Apart from the extinction of ahost organism (see Section 9)
no plausible deterministic explanation is available to account
for the post-Sinemurian extinction of Ch. (Ch.) pollux.

Genus RADULOPECTEN RoLLIER 1911

Type species. OD; RovLier 1911, p. 158; Pecten hemicos-
tatus Morris and Lycerr 1853, p. 10, pl. 1, fig. 16; Great
Oolite (Bathonian), Minchinhampton, Gloucestershire.

DIAGNOSIS

Between 4 and 15 initial radial plicae, bearing comarginal
lamellae at all stages of ontogeny on left valve but only in later
stages of ontogeny or not at all on right valve.

Stratigraphic range; Jurassic (Aalenian-Tithonian). Geog-
raphic range; Europe, Asia, Africa, ?North and Central
America.

DISCUSSION

Since all the Jurassic pectinid species which come under the
Treatise definition of Chlamys (see p. 161) but which do
not belong to Ch. (Chlamys) seem to form a monophyletic
group they are usefullv accorded a generic distinction from
Chlamys. The name Radulopecten has been previously ap-
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plied at the subgeneric level (e. g. Arkrit, 1931a; Cox, 1952;
Durr, 1978) to certain members of this group and it is herein
adopted, with a revised diagnosis (see above), as the generic
name for the complete group.

Within Radulopecten seven groups may be distinguished

on the following basis:

1. Lett valve lacking plicae early in ontogeny but bearing
about 25 radial striae of which initially between 4 and 14
develop into equal sized plicae (= R. vagans).

2. Left valve lacking plicae early in ontogeny but bearing
about 40 radial striae of which initally about 15 develop
into equal sized plicae (= R. varians).

3. Left valve lacking plicae early in ontogeny but bearing
between 60 and 75 radial striae of which usually between
5 and 8 develop into equal sized plicae (= R. strictus).

4. Plicae present at earliest ontogenetic stages, increasing
in number by intercalation. Usually one less plica on
right valve than left: latter bearing between 10 and 13
equal sized originals (= R. fibrosus).

5. Plicae present at earliest ontogenetic stages, increasing
in number by intercalation and accompanied by radial
striae. Usually one more plica on right valve than left;
latter bearing between 8 and 11 equal sized originals
(= R. scarburgensis).

6. Plicae present at earliest ontogenetic stages, rarely in-
creasing in number by intercalation. 11 equal sized orig-
inal plicae on left valve, 12 on right; ornamented with
conical spines (= R. sigmaringensis).

7. Plicae ansing early in ontogeny. Between 5 and 9 un-
equal initial plicae, rarely increasing in number by inter-
calation but accompanied by radial striae (= R. in-
equicostatis).

Since the stratigraphic ranges of Groups 1 and 2 have little
or no overlap 1t is conceivable that the supposed evolution of
the latter from the former occurred without splitting. How-
ever since the morphological distance between the groups is
quite large and there appear to be no intermediates, the groups
are treated as separate lineages for reasons of convenience.
Similar reasoning applies to the separation of the undoubtedly
related Groups 5 and 6.

Groups 4, 5 and 7 tend to be restricted to particular facies
(respectively; arenaceous, argillaceous and coralliferous) and
since there is considerable overlap in their ranges of variation
it may be that they represent ecophenotypes of a single species
as has been suggested for similarly facies-restricted forms as-
signed to Chlamys (Ch.) textoria. However, unlike the latter
species, the features distinguishing the groups would have to
have resulted from very early ontogenetic developmental flex-
ibility. Since the author can envisage no way of testing for
such developmental flexibility it seems preferable to treat the
groups as separate species. In any case, at least for Groups 4
and 5, there are considerable differences in geographic dis-
tribution which are difficult to relate to facies and each group
is occasionally found in the tacies apparently appropriate to
the other, so it1s perhaps more likely that they represent sepa-
rate species. Similar reasoning applies to Groups 2 and 3
where, for example, Buvicnier’s (1852) records suggest some
morphological overlap.

Notable differences in the mean form of the ornament be-
tween the latest and earliest populations of Group 4 are attrib-

uted to phyletic evolution within a single species since there
can be no doubrt of direct relationship and there is no com

ing evidence of the contemporaneous existence of 1w o ~epa-
rate lineages (see p. 207). The latest (uppermost Oxtordian
and Kimmertdgian) populations are characterised by the de-
velopment of a larger umbonal angle (specimens marked with
aglyphintextfig. 187) but thisis clearly a simple reflection of
the attainment of greater size.

Differences in the mean form of the ornament between ear-
lier and later populations in Groups 1 and 5 can also be inter-
preted as the result of phyletic evolution within single species.
Since however in Group 1 the difference in mean form results
from a change in the relative proportions of two distinct
(‘striate’ and ‘non-striate’) morphs there is here the possibility
that the difference reflects a shift in the relative abundances of
two quite separate species (see p. 192 for arefutation of this ar-
gument).

Radulopecten vagans (J. pe C. SOWERBY 1826a)
PL. 9, Figs. 9-33, ?Fig. 34; text figs. 168-176

Synonymy
v 1826a  Pecten vagans sp. nov; J. DE C. SOWERBY, p. 82,
pl. 543, figs. 3, 4, 5.
non 1833 Pecten vagans ]J. DE C. SOWERBY; GOLDFUSS,

p.+4, pl. 89, fig. 8.
? 1839 Pecten vagans J. DE C. SOWFRBY; ROEMER, p. 29.
1839 Pecten vagans J. bF C. SOWERBY; BEAN, p. 60.

v 1850 Pecten Rhetus sp. nov; D'ORBIGNY, v. 1, p. 314
(BOULE, 1912, v. 7, p. 92, pl. 2, fig. 20).
v¥p 1850 Lima Nerma sp. nov; D'ORBIGNY, v. 1, p. 313

(BoULE, 1912, v. 7, p. 92, pl. 2, figs. 21, 22).
v 1850 Pecten vagans ]J. DE C. SOWERBY; D’ORBIGNY,

v. I, p. 314,

1852 Pecten amisoplenrus sp. nov; BUVIGNIER, p. 23,
pl. 19, figs. 31-35.

1852 Pecten fibrosus ]. SOWERBY; QUENSTEDT, p. 507,
pl. 40, fig. 43 (non J. SOWERBY sp.).

1853 Pecten vagans J. DE C. SOWERBY; MORRIS and
Lycett, p. 8, pl. 1, figs. 12, 12a.

v* 1853 Pecten peregrinus sp. nov; MORRIS and LYCETT,
p- 9. pl. I, fig. 14.
v¥ 1853 Pecten hemnicostatus sp. nov; MORRIS and LYCETT,

p. 10, pl. 1, fig. 16.
1858 Pecten vagans J. DE C. SOWERBY; OPPEL, p. 491.
1858 Pecten hermicostatus MORRIS and LYCETT; OPPEL,
p. 491.
21859 Pecten Thurmanm sp. nov; CONTEJFAN, p. 315,
pl. 23, figs. 10-12.
1860 Pecten vagans J. DI C. SOWERBY; COQUAND,

p. 68.
non 1860  Pecten vagans ]J. DE C. SOWERBY; DAMON, pl. 9,
fig. 4.
v* 1863 Pecten Griesbachi sp. nov; LYCETT, p. 31, pl. 33,
figs. 6, 6a.

1863 Pecten mmaequicostatus PHILLIPS; LYCETT, p. 32,
pl. 33, fig. 1a (non fig. 1; non PHILLIPS sp.).
v* 1863 Pecten Rushdenensis sp. nov; LYCETT, p. 33,
pl. 33, figs. 4, 4a—c.
v 1863 Pecten Wollastonensis sp. nov; LYCETT, p. 33,
pl. 33, figs. 2, 2a—c.
1863 Pecten anisoplertrus BUVIGNIER; LYCETT, p. 33,
pl. 33, figs. 5, 5a.
1867 Pecten vagans ]. DE C. SOWERBY; LAUBE, p. 10,
pl. 1, fig. 10.
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1867

1869

1869

1869

1880

1883

1886a

1886¢

1888

1888

1898

1900

1906

1906

1910

1911

1916

1916

1917

1917

1926

1929

1932

1932

1936

1936

1936

1936

1936

1936

1940

Pecten hemicostatus MORRIS and LYCETT; LAUBE,
p- 11, pl. 1, fig. 15.

Pecten hemicostatirs MORRIS and LYCETT; TER-
QUEM and JOURDY, p. 127.

Pecten anomalus sp. nov; TERQUEM and JOURDY,
p- 128, pl. 13, figs. 18-20, 20a.

Pecten  rushdenensis LYCETT; TERQUEM and
Jourpy, p. 129.

Pecten wvagans ]. DE C. SOWERBY; DAMON,
pl. 9. fig. 4.

Pectes intermittens sp. nov; WHIDBORNE, p. 500,
pl. 15, figs. 13, 13a.

Pecten samilus sp. nov; DE GREGORIO, p. 669,
pl. 1, fig. 7.

Pecten eglus sp. nov; DE GREGORIO, p. 10, pl. 4,
figs. 13a, 13b.

Pecten vagans ]. DE C. SOWERBY; SCHLIPPE,
p- 131, pl. 2, fig. 5.

Pecten hemicostats MORRIS and LYCETT; SCHLIP-
PE, p. 133, pl. 2, fig. 8.

Pecten hemicostatus MORRIS and LYCETT; GREP-
PIN, p. 128.

Aequipecten fibrosus (J. SOWERBY); E. PHILIPPI,
p- 98, text fig. [5 (non J. SOWERBY sp.).

Chlamys semicostata sp. nov; COSSMANN, p. 3,
pl. 1, figs. 6,7, pl. 2, fig. 22.

Chlanys rosimon (D’ORBIGNY); COSSMANN, p. 4.
pl. 1, figs. 7-9 (non D’ORBIGNY sp.).

Chlamys vagans (J. DE C. SOWERBY); LISSAJOUS,
p- 360, pl. 9, fig. 8.

Pecten (Radulopecten) hemicostatns MORRIS and
LYCETT; ROLLIER, p. 158.

Pecten cf. anomalus TERQUEM and JOURDY;
PARISs and RICHARDSON, p. 533, pl. 45, figs. la—d.
Pecten wvagans J. DE C. SOWERBY; PARIS and
RICHARDSON, p. 533.

Pecten vagans J. DE C. SOWERBY; BORISSIAK and
IVANOFF, p. 33, pl. 4, fig. 6.

Pecten hemicostata MORRIS and LYCETT; BORIs-
siAk and 1VANOFF, p. 35, pl. 4, figs. 1-5, 10, 11.
Radulopecten vagans (J. DE C. SOWERBY); LISSA-
Jous, p. 160.

Radulopecten semicostatns (COSSMANN); LISsA-
Jous, p. 160.

Radulopecten Romani sp. nov; LISSAJOUS, p. 162,
pl. 30, figs. 4, 4a, 4b, 5, 5a, 5b.

Aequipecten vagans (J. DE C. SOWERBY); STAE-
SCHE, p. 67.

Chlamys vagans (J. DE C. SOWERBY); ROMAN,
p. 178.

Pecten (Chlamys) vagans J. DE C. SOWERBY;
LANQUINE, p. 323.

Chlamys vagans (J. DE C. SOWERBY); DOUGLAS
and ARKELL, pp. 130, 131, 158.

Chlamys cf. anisoplenrus (BUVIGNIER); DOUGLAS
and ARKELL, pp. 130, 140.

Aequipecten vagans (J. DE C. SOWERBY); DECHAS-
EAUX, p. 43, pl. 6, figs. 1, 2, 3,9.

Aequipecten vagans var. anomalus (TERQUEM and
JOURDY); DECHASEAUX, p. 44, pl. 6, figs. 5, 7, 8,
145

Aequipecten vagans var. hemicostatus (MORRIS
and LYCETT); DECHASEAUX, p. 45.

Aequipecten Rushdenensis (LYCETT); DECHAS-
EAUX, p. 46, pl. 6, figs. 10, 11.

Aequipecten cf. Romani (LIsSAJOUS); DECHAS-
EAUX, p. 47, pl. 6, fig. 12.

Aequipecten anisopleurus (BUVIGNIER); DECHAS-
EAUX, p. 49.

Chlamys vagans (J. DE C. SOWERBY); PARENT,
p- 42.

1948

1948

1948

1948

1948

1948

1950

1961

1964

1971

1971
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Chlamys (Radulopecten) bemicostata (MORRIS and
LyCETT; COX and ARKELL, p. 12.

Chlamys (Radulopecten) vagans (J. DE C. SOWER-
BY); Cox and ARKELL, p. 12.

Chlamys (Radulopecten) —anisoplenrus
IGNIER); COX and ARKELL, p. 12.
Chlamys (Radulopecten) wollastonensis (LYCETT);
Cox and ARKELL, p. 13.

Chlamys (Radulopecten) griesbach:
Cox and ARKELL, p. 13.

Chlamys (Radulopecten) rushdenensis (LYCETT);
Cox and ARKELL, p. 13.

Chlamys (Radulopecten) vagans (J. DE C. SOWER-
BY); CHANNON, p. 246.

Chlamys vagans (J. DE C. SOWERBY); BARBU
LESCU, p. 701.

Chlanys (Radulopecten) hemicostata (MORRIS and
LYCETT); J.-C. FISCHER, p. 17.

Radulopecten vagans (J. DE C. SOWERBY; MAU-
BERGE, pp. 25-28.

Radulopecten vagans var. anomalus (TERQUEM
and JOURDY); MAUBERGE, pp. 25-28, 3 text figs.

(Buv-

(LYCETT);

Lectotype of Pecten vagans J. b C. SOWERBY
1826a, p. 82, pl. 543, figs. 3, 4, 5 designated
Arxerr, 1931b, p. 437; BM 43319 (the
original to J. e C. Sowersy’s pl. 543, figs. 3,
4); PL. 9, Fig. 31 herein; H: 41, L: 35; L.
Cornbrash (Bathonian) fide Arkerr (1931b),
Chatley, Somerset. Paralectotype; also
BM 43319 (the original to J. e C. SOwERBY’S
pl. 543, fig. 5); Bradford Clay or Fuller’s
Earth (Bathonian) fide Arkrir (1931b),
Loscombe, Somerset.
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Text fig. 168:  Radulopecten vagans — height/length.

1. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘Rather convex, a little longer than wide; ribs 11, large,

convex, decorated with large erect concave scales that are very

close upon the right but distant upon the left valve; ears nearly

equal, crossed by large scales.

Syn. P. sulcatus. Geol. Survey of the Yorkshire
Coast, p. 233, t. 9, fig. 3. excl. Syn.
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Text fig. 169: Radulopecten vagans — height of anterior auricle/
]cnglh.

Seldom above an inch and a quarter wide. It differs from the
last [‘Pecten’ vimineus| by having only half the number of
ribs, and in not having the regular concentric striae which ap-
pear between the ribs in that. When young the ribs are but a
little raised, although the scales are then large: a few obscure
rays sometimes appear between the ribs.

This is one of those few shells which appear in several stra- -

ta: itis found in clay belonging to the oolite near Bath (fig. 5);
in the Bath or Great Oolite at Hampton, Gloucestershire, and
Bradford, Wiltshire; above the Oolite at Ancliffe, in the
Cornbrash at Chatley (figs. 3 and 4), and in the Oolite Lime-
stone at Malton.’

2. AMENDED DIAGNOSIS

Distinguished from R. varians by the smaller number of
initial plicae, from R. strictus by the smaller number of radial
striae, from R. inequicostatus by the relatively uniform size
of the initial plicae and from all other species of Radulopecten
by the existence of a non plicate phase early in ontogeny.

3. AMENDED DESCRIPTION

Disc sub-ovate, higher than long, increasing in size isomet-
rically (text fig. 168) to a known maximum height of 50 mm
(OUM J4821, BM L91533) but possibly reaching heights as
great as 80 mm (see Section 7). Umbonal angle variable (rext
fig. 170), increasing ounly slightly during ontogeny. Disc
flanks moderately high.

Equilateral, usually inequivalve with left valve more convex
than right but all variations between latter and forms with
right valve more convex than left. Convexity low —moderate
in both valves. Intersinal distance greater in left valve than
right, increasing with approximate isometry in both (text
figs. 171, 172). Byssal notch depth variable, usually moderate
(text fig. 173), increasing with approximate isometry.

Auricles well demarcated from disc; size variable (e. g.
Pl. 9, Figs. 19, 33) usually moderate, anterior slightly larger
than posterior. Posterior auricles usually meeting hinge line at
90°; anterior auricles meeting hinge line at 90° or less. An-
terior auricle of right valve meeting disc at an obtuse angle;
remaining auricles meeting disc at an acute angle. All auricles
ornamented with comarginal lamellae.

Height of anterior auricle (text fig. 169) and lengths of an-
terior (text fig. 174) and posterior (text fig. 175) hinges vari-
able but increasing with approximate isometry.
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Text fig. 170:  Radulopecten vagans — height/umbonal angle.
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Text fig. 171:  Radulopecten vagans — intersinal distance on left
valve/length.
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Text fig. 172: Radulopectern vagans — intersinal distance on right
valve/length.

Ornament of right valve variable (e. g. Pl. 9, Figs. 23-25,
30). Between 4 and 14 low plicae, wider than sulci and increas-
ing in number by splitting. Usually less than 4% but some-
times the major proportion of specimens from a given locality
also bearing up to 50 (usually about 30) radial striae (see Sec-
tion 4). All specimens bearing closely spaced comarginal
striae, sometimes interrupted to form a decussate pattern. In
late ontogeny of specimens with relatively high plicae, com-
arginal striae absent from sulci and raised into lamellae on
plicae.

Ornament of left valve extremely variable (e. g. Pl 9,
Figs. 9-22, 26-29, 31-33), essentially consisting of 2 zones.
Earlier ontogenetic stages exhibiting between 15 and 35
(MNO 2901 B), most commonly about 25, radial striae cross-
ed by comarginal striae which are sometimes interrupted to
form a decussate pattern. Later ontogenetic stages charac-
terised by the development of between 4 and 14 (MNP), most
commonly 5, radial striae into low plicae which are narrower
than the sulci and bear variably spaced comarginal lamellae.
Remaining radial striae rarely persisting and comarginal striae

191

becoming decussate or absent in the sulci. Further plicae add-
ed by intercalation to a maximum number of 16 (BM 65889),
most commonly 9. Height of non-plicate zone extremely var-
iable; fromafew to 37 mm (BM L76308). Number of plicae at
agiven height extremely variable; 0-11 (GPIG) at H: 10, 0—+4
(MNP) at H: 15, 0-14 (MNP) at H: 20, 5 (BM 66243) — 14
(MNP) at H: 25, 6 (MNP) - 15 (BM 65889) at H: 30, 7
(MNO) - 16 (BM 65889) at H: 35. Geographically and
stratigraphically separated samples tending, however, to have
a characteristic mean and coefficient of variation for the
number of plicae at each height (see Jornson, 1981).

Shell thickness moderate.

The author has presented elsewhere (Jornson, 1981) his
reasons for considering the large range of variauon described

above to be the product of developmental flexibility within a
single species.

—
20 40

Text fig. 173:  Radulopecten vagans — depth of byssal notch/length.

4. DISCUSSION

As the earliest taxonomic species with type specimens
within the range of the species described in Section 3 ‘Pecten’
vagans ]. pE C. SOWERBY is the senior synonym for the latter.
The lectotype (BM 43319; P1. 9, Fig. 31; 1)1saform in which
plicae were introduced very early in ontogeny (‘early de-
veloper’) and has 11 plicae at H: 41. J. pe C. SowEersy indi-
cates by synonymising ‘P.’ sulcatus YounG and Birp with
‘P.” vagans that he included forms which the present author
places in Radulopecten fibrosus within his hypodigm for
‘P.” vagans. Such forms are probably the basis for his record
of ‘P."wagans from the Oxfordian (Malton Oolite), a
horizon at which R. fibrosus 1s abundant but R. vagans (1. e.
the species described in Section 3) is either extremely rare or
absent (see Section 5). A similar inclusion of forms which are
referableto R. fibrosus may account for Roemer’s (1839) and
DecrasEAUN’s (1936) records of J. be C. SowEersy’s species
from the Oxfordian.

Specimens referred to ‘P.” vagans by Davon (1860, 1880)
and Borissiak and Ivanorr (1917) are definitely reterable to

R. fibrosus.
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Gorpruss (1833) has applied J. ve C. Sowersy’s specific
nanie to specimens said by Schrosser (1911) to be broken ex-
amples of Ctenostreon.

One ot the syntypes ol ‘Lima’ Nerina p’Orsiony (MNO
2879) 1s indeed a nember of the Limidae but the other two
(MNO 2879A; PL. 9, Figs. 15, 22; 2) are ‘intermediate de-
velopers’ of R. zagans with 10 plicae at H: 36 and 6 plicae at
H: 23 respectivelv. The single measurable syntype of
‘P.” Rhetus (MNO 2902; 3) is similarly an ‘intermediate de-
veloper” and has 6 plicac at H: 21.5. Boutr (1912) erroneously
described and figured the two syntypes ol “L.” Nerina which
belong in R. vagans under ‘P.° Rhetus. Cossmany (1906)
thought that forms like ‘P.” Rbhetus. (sensup’ORBIGNY) were
specifically distinct but that 0’OrsiGNY’s description did not
constitute an adequate indication. He therefore erected the
more fully characterised ‘Chlamys’ semicostata as a replace-
ment specific name.

The original figure of *P." anisoplenrns Buvienieg (4) de-
with 5 plicae at H: 28,

a

picts a ‘late developer

The lectotype of *P.” peregrimus Morris and Lycert (IGS
91705 5) 1s a large ‘early developer’ (with 9 plicae at H: 10, 11
at H: 15 and 13 at H: 20-35) while the lectotype of
‘P." hemucostatus  Morris and Lycrrr (1GS 9168; Pl 9,
Fig. 18; 6) is a small ‘intermediate developer’.

The sole observed type of *P.> Wollastonensis Lycert (BM
L76311:PL. 9, Fig. 9:7) and the syntypes of ‘P.” Rushdesnen-
sis. LycerT (BM 176309, L76310; Pl. 9, Fig. 16; 8) are all
clearly “late-developing’ forms of R. vagans, ‘P.” Wollas-
tonensts exhibiting the typical continuous comarginal striae
and ‘P.” Rushdenensis the more unusual decussate pattern.
The sole observed type of *P." Grieshachi Lycerr (BM
L76308; 9) 1s only disunguishable from the *late developer’
phenotype of R. vagans by alack of seriae and this can almost
certainly be accounted for by abrasion.
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Text fig. 174:  Radulopecten vagans — anterior hinge length/length.
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Text fig. 175:  Radulopecten vagans — posterior hinge
length/length.

The holotype (M) of ‘P.” mtermuttens WHinsorNE (SM
J4759: 10) 1s a small ‘late developer® with 19 radial striae.

The left valve figured under *P." anomualies Trrouem and
Jouroy has 14 plicae and is indistinguishable from R. vagans.
However, the right valves have about 30 radial striae and are
thus quite unlike typical right valves of R. vagans. Similar
forms (e. g. PL. 9. Fig. 25) occur widely in the M. Jurassic
and since there appear to be no intermediate right valve mor-
phologies it may be that they should be accorded a specific
distinction from R. vagans under TeroUry and JOURDY’s
name. However, the present author is aware of no locality at
which *striate” morphs occur in the absence of ‘non-striate’
morphs. It therefore seems more likelv that they are
polymorphs of the same species rather than representatives of
different species. MauserGE (1971) has gone so far as to sug-
gest that they may be sexual dimorphs but the straugraphic
change in relative abundance of the morphs (see Sections 7,
10) seems to argue against this particular hypothesis.

Inclusion of the ‘striate’ morph within R. vagans means
that R. Romani Lissajous and ‘Ch.” rosimon CosssaNN (non
p’OreIGNY), both of which were based on such specimens,
must be synonymised with R. vagans.

The original figure of *P." Thurmanni Contejran (11) ap-
pears to depict an early developing form of R. vagans with 9
or 10 plicae at H: 10. However, the stratigraphic horizon
(Kimmernidgian) is anomalously late for the latter species (see
Section 5) and suggests that the figure may be a poor rep-
resentation of an example of R. varians. DecHassaux (1936)
considers CONTEJEAN'S species to be closer to R. fibrosus.

Dr Grecorio's figure of ‘P.” samilis shows no more thana
b
poorly preserved internal mould while that of ‘P.” eglus is



only 5 mm high. However, both species exhibit 9 plicae and
have a general form which suggests that they may be
synonymous with R. vagans.

The figured specimen of ‘P.” fibrosus J. Sowersy; QuENs-
TeDT has 9 plicae, unlike J. SOwerEY’s species. Since it 1s de-
scribed as an example of a variable species from the Bathonian
there can be little doubt of its identity with R. vagans.
E. PriLLipt’s (1900) ‘Aequipecten’ fibrosus is similarly refera-
ble to J. bE C. SOWERBY’s species.

ArnrLL (1931a) examined the original (SM) to Lycerr’s 1l-
lustration (1863, pl. 33, fig. 1a) of ‘P.’ inaequicostatus Pl -
"(R.)
anisoplenrns (BuvicNier), a species considered above to be a

1ies and pronounced it to be a representative of ‘Ch.

junior synonym of R. vagans.

5. STRATIGRAPHIC RANGE

Excluding Gorpruss® (1833) invalid record of the species
from the German Lias (see Section 4) the earliest certain re-
cord of R. vagans is provided by a single specimen (BM
L17615) from the Murchisonae zone (Aalenian) of the Cots-
wolds. Two specimens of questionable affinities (see Sec-
tion 4) from strata in the Bifrons-Murchisonae zones of Sicily
(DE GrEGORIO, 18862,c) may be derived from a lower
horizon. Only one other specimen (NM) is known from the
Aalenian.

In the L. Bajocian specimens are known from the
L. Trigonia Grit of the Cotswolds (BM L95380) and the
Scarborough Limestone of Yorkshire (YM 500).

Inthe U. Bajocian, R. vagans becomes quite common but
itseems likely that the increase in numbers did not occur until
the latest parts of the substage since all records which can be
assigned to a zone (Lissajous, 1910; Paris and RicHARDSON,
1916; CranNON, 1950; sundry specimens in the BM, OUM,
and GPIT) are derived from the Parkinsoni zone.

The speciesis found atalmost all horizons in the Bathonian,
locally becoming extremely abundant.

In the Callovian R. vagans is reported to be common in the
U. Cornbrash (Macrocephalus zone) of England by Cox and
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ArkELL (1948). However, thisisnot borne out by the author’s
field work in Yorkshire and only 10 museum specimens (BM
191533, 191559, L91580; OUM J4821, J4822, ]37587; SbM;
DM][3]) are known from this and equivalent horizons in
Europe. The only other Callovian museum specimens assign-
able to a zone are 3 (BM 47436, L17969[2]) from the Kella-
ways Rock (Calloviense zone) of Yorkshire. Roriier (1911)
records R. vagans from the L.-M. Callovian of the Jura and
Borissiak and Ivanorr (1917) record the species from the
M. Callovian of Russia. Other bibliographic records from the
Callovian (Buvicnier, 18525 DecHASEAUX, 1936), apart from
those referring to the Macrocephalus zone (e. g. Bean, 1839;
Lissajous, 1910; DouGras and ArkeLL, 1932), cannot be as-
signed to a substage. R. vagans is not known to be common
anywhere in the Callovian.

Two specimens from the Oxfordian (probably Plicatilis
zone) of Berkshire (BM 9930) and Yorkshire (BM L3634;
PL. 9, Fig. 34) appear to be representatives of R. vagans but
the possibility cannot be entirely excluded that they are ex-
treme variants of R. inequicostatus. Oxfordian specimens
mentoned in J. pe C. Sowerey (1826), Rormer (1839) and
Drcraseaux (1936) and Kimmeridgian specimens mentioned
in CoNTEjJEAN (1859) may also be representatives of R. vag-
ans (see Section 4).

6. GEOGRAPHIC RANGE

R. vagans is generally rare in the peri-Mediterranean re-
gion (text fig. 176) and is unknown outside Europe. In the
Bathonian the paucity of locally derived specimens in
museums at Dijon, Tiibingen and Munich compared with the
abundance of specimens known from N. France and S. Eng-
land suggests a latitudinal temperature control on distribu-
tion. However, bibliographic records of the species further
south, although sparse, occasionally refer to numerous
specimens (e. g. Lissajous, 19235 Lanouine, 1929). It there-
fore seems more likely that the distribution of the species is a
function of facies rather than temperature and that the in-
crease in abundance from E. France/S. Germany to N.
France/S. England is a reflection of a higher frequency of the
appropriate facies (see Section 8).
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Text fig. 176:

Radzrlope(ten vagans — European distribution.
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7. DESCRIPTION OF ECOLOGY

The first time that R. vagans occurs in any numbers 1s in
the Parkinsoni zone when it is found in S. W. Germany and
the Cotswolds. In the latter area the sediments (Clypeus Grit)
are bioturbated, oolitic limestones in which the ‘striate’
morph seems to be dominant (see Section 10), reaching a
maximum height of 27 mm (OUM J36384). The largest Bajo-
cian specimen (H: 35; BM L95380) is from the L. Trigonia
Grit (L. Bajocian).

R. vagans becomes locally abundantin the Bathonian and
the following account concentrates on such occurrences.

In the L. Bathonian (Progracilis zone) the species occurs in
grain-supported shelly oolitic limestones at Minchinhampton
and Taynton in the Cotswolds. There is an abundant and di-
verse fauna of bivalves and gastropods but ammonites are
rare. At the former locality fairly large ‘early developers’ are
relatively conunon but no representatives of the ‘striate’
morph have been noted. Although most specimens are dis-
articulated the incidence of abrasion and breakage is low
enough to suggest minimal transport.

In the M. Bathonian (Subcontractus zone) of Lorraine the
species occurs in the Caillasse a Anabacta (= Chomatoseris).
Estimates of the relative abundance of the ‘striate’ morph in
this area range from 1 % (MauBerGE, 1971) to about 50% (Dr
CHASEAUY, 1936). G. A. GiLL (pers. comm., 1977) reports that
R. vagans is a frequent associate of Chomatoseris (Zoan-
tharia) in poorly sorted oolites and biosparites at other
localities in France.

In the U. Bathonian small ‘early developers’ are the domin-
ant forms of R. wagans presentin the lower part of the Boueti
Bed (Aspidoides zone) at Herbury (Dorset). ‘Striate’ morphs
are unknown. The sediments are calcarcous marls with an ex-
tremely abundant but low diversity fauna dominated by the
bivalves Acromytilus and ‘Liostrea’, the brachiopods Di-
gonella and Gomorhynchia and ectoprocts. Most specimens
of R. waguns are disarticulated but the low incidence of abra-
sion and breakage indicates minimal transport. Specimens in
the upper part of the Boueti Bed and at an equivalent horizon
at Amfreville (Normandy) are also heavily encrusted with the
ectroproct Attractoecia. At the same level at Ranville large
bivalved ‘late developers’ occur in a bed which earlier collec-
tors called the ‘Calcaire i Polypiers’. Similar forms occur in
the slightly later Lion Caillasse (Discus zone, Hollandi sub-
zone) at Luc, in association with rare representatives of the
‘striate’ morph. The sediments, overlying a hardground, are
very similar to the Boueti Bed but the fauna is considerably
more diverse, with at least 65 species, including ectoprocts
and sponges not seen in England (T. Parwvig, 1974). Ammo-
nites are, however, unknown. R. vagans also occurs in clays
above a hardground at the same horizon in Wiltshire (Brad-
ford Clay) and in the same region occurs in clays of the
slightly later Discus subzone. Specimens from the latter
horizon are usually fairly large, bivalved ‘carly developers” and
the ‘striate’ morph is unknown. Serpulid encrustation is
heavy but almost invariably restricted to the left valve. Speci-
mens from the same level in Oxlordshire are mainly small
‘early developers’ but two ‘striate’ morphs (out of a total of
55 right valves collected by the author trom Shipton Cement
Works) are known. Almost all specimens are univalved but

abrasion and breakage are limited enough to suggest minimal
transport. The sediments are non-oolitic, shell-fragment
limestones containing an abundant and diverse in- and
epibenthos (see p. 128) but few ammonites.

Apart from the Maconnais (Lissajous, 1923) and Provence
(LaNouing, 1929) where the stage is developed in shallow wa-
ter marls and limestones, R. vagans is not known to be com-
mon elsewhere in the Bathonian, although records are wide-
spread (text fig. 176). Prior to the Discus subzone the species
is absent north of a line running west/east just south of Ban-
bury and Brackley in England (Bravstaw, 1978). The max-
imum height attained in the Bathonian 1s 44 mm
(MNO 2901; Discus zone; ‘late developer’).

Specimens from the calcarenites of the U. Cornbrash
(Macrocephalus zone; L. Callovian) of England (see Sec-
tion 5) are mainly large ‘late developers’. The maximum
height is 51 mm (OUM J 4821, BM L91533). Borissiak and
tvanore’s (1917) figures of specimens from the M. Callovian
of central Russia have a maximum height of 80 mm and there
is no suggestion of photographic enlargement.

8. INTERPRETATION OF ECOLOGY

The absence of R. vagans from pelagic limestones in the
peri-Mediterranean region suggests an intolerance of soupy
substrates. However, co-occurrence with Chomatoseris, an
auto-mobile solitary coral which is highly characteristic of
loose, soft sands (GiiL and Coatrs, 1977), indicates a toler-
ance of coarse grained unstable substrates. Tolerance of later-
ally shifting sediments is indicated by the occurrence of the
species in oolites (e. g. Minchinhampton) while a more gen-
eral tolerance of instability in the physical environment is in-
dicated by the widespread occurrence of R. vagans in de-
posits where ammonites are lacking and more localised oc-
currence in deposits (e. g. Boueti Bed) where even the bivalve
faunais reduced in diversity. However, eurytopy was insuffi-
ciently developed to allow colonisation of the highly unstable
marginal marine environments which were present in central
England during much of the Bathonian (Brapstaw, 1978).

By far the most common occurrence of R. vagans is im-
mediately above hardgrounds or in minimally transported or
in situ shell beds with an abundance of other shelly epiben-
thos (e. g. Luc, Amfreville, Herbury, Bradford-on-Avon).
This suggests that the existence of hard substrates was the ma-
jor factor controlling distribution (see Section 9) and implies
that the abundance of the species at Minchinhampton is more
a reflection of the abundance of shelly epibenthos than of a
particular liking for shifting substrates. The abundance of the
species at Shipton may likewise be a consequence of the un-
usual richness of the associated epibenthos.

Since serpulid worm encrustation of bivalved specimens is
limited to the left valve it seems likely that the right valve was
tightly adpressed against the substrate during life (see Sec-
tion 9). Ectoproct encrustation probably occurred after death
since bivalved specimens are rarely encrusted.

There is a strong suggestion of a competitive reaction be-
tween R. vagans and Chlamys (Ch.) textoria. The latter, a
species exhibiting considerable substrate eurytopy in the Ba-
jocian, is largely confined to organic build-ups during the



Bathonian (the acme of R. vagans) and the author knows of
no locality at which both species have been found in numbers.

The author has presented elsewhere (Jornson, 1981) an
analysis which suggests that in much the same way as in the
Recent species Chlamys dieffenbachi (see Beu, 1966), phcal
variation in R. vagans reflects ecophenotypic reaction to en-
vironmental differences which were developed over the space
of a few metres. In the case of Ch. dieffenbachi environmen-
tal heterogeneity is due to the patchy distribution of sponge
substrates. Since the associated sediments have not been
closely examined for the presence of spicules, it cannot be
ruled out that R. vagans also developed different patterns of
plication according to whether or not sponges constiruted the
substrate for attachment. That other soft-bodied organisms
were involved is, of course, also a possibility.

9. FLNCTIONAL MORPHOLOGY

The usually moderately deep byssal notch combined with
small or moderate adult size (with the probable exception of a
few specimens from the M. Callovian of Russia {see Sec-
tion 7]) suggests that R. vagans was byssally attached
throughout life. The generally lower convexity of the right
valve and its subdued ornamentation are paradigmatic for
tight fixation and variations in convexity perhaps suggest that
R. vagans was adpressed against hard surfaces of variable
shape (cf. below).

Although intercalation of new plicae would have probably
led to increased shell strength and stiffness it is very doubtful
whether the addition of numerous plicae in some specimens of
R. vagans was a response to a need for a mechanically
superior shell. In Ch. dieffenbachi a need for an increase in
the density of plical spinelets in order to grip a sponge sub-
strate scems to be the underlying reason for the adoption of a
densely plicate form (Bru, 1966). A similar type of explana-
tion involving some soft-bodied organism, even if not
sponges, is suggested in R. vagans by the fact that the comar-
ginal lamellae become progressively more localised onto the
crests of the plicae, thereby retaining the possibility of close
contact with the substrate, in the ontogenetic passage from a
weakly to a strongly plicate form. If this explanation is correct
then the distribution of the soft-bodied host must have been
determined by the existence of hard substrates so as to pro-
duce the observed correlation between such substrates and the
occurrence of R. vagans.

The presence of upstanding ornament and absence of any-
thing more than minimal ontogenetic increase in umbonal
angle must have greatly restricted swimming ability in R. va-
gans.

10. ORIGINS AND EVOLUTION

The origins of R. vagans are a mystery. The author is
aware of no Jurassic pectinid species which can be regarded as
a likely forebear. The ancestry of R. vagans may be connect-
ed with the largely Asiatic Triassic genus Indopecten.

R. vagans exhibits phyletic evolution in right valve morph
frequency. Samples from the Bajocian only include a small
proportion of the ‘non-striate’ morph but by the L. Batho-
nian (Progracilis zone) this morph was dominant, perhaps as
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the result of some selective superiority. There also seems to be
an evolutionary change in maximum height from the Batho-
nian to the Callovian. Forms possessing a similar ‘late de-
veloper’ phenotype (which thus rules out any chance of a
purely ecophenotypic difference) reach a maximum height of
44 mm in the former stage and 51 mm in the latter stage.

The Callovian decline of R. vagans was probably the result
of the widespread development of argillaceous facies produc-
ing soft sediments unfavourable for colonisation by the host
organism (see Section 9).

Radulopecten vartans (ROEMER 1836)
PL. 10, Figs. 1-3; text figs. 177-180

Synonymy

1836 Pecten varians sp. nov; ROEMER, p. 68, pl. 3,
fig. 19.
1852 Pecten Beaumontinus sp. nov; BUVIGNIER, p. 24,
pl. 19, figs. 26-30.
1859 Pecten Thurmanni sp. nov; CONTEJEAN, p. 315,
pl. 23, figs. 10-12.
21859  Hunnites clypeatus sp. nov; CONTEJEAN, p. 317,
pl. 24, fig. 14.
1860  Pecten varians ROEMER; COQUAND, p. 79.
1862 Pecten Banneanus sp. nov; ETALLON in THUR-
MANN and ETALLON, p. 259, pl. 36, fig. 12.
1862 Pecten Pagnardi sp. nov; ETALLON in THURMANN
and ETALLON, p. 259, pl. 36, fig. 12.
1862  Pecten qualicosta ETALLON in THURMANN and
ETALLON, p. 260, pl. 36, fig. 13.
Pecten beaumontinus BUVIGNIER; THURMANN and
ETALLON, p. 260, pl. 36, fig. 14.
1863 Pecten perstrictus sp. nov; ETALLON, p. 56, pl. 8,
fig. 8.
1864 Pecten varians ROEMER; V. SEEBACH, p. 98.
1871 Pecten Urius sp. nov; SAUVAGE and RIGAUX,
p. 354.
1872 Pecten Urins SAUVAGE and RIGAUX; SAUVAGE and
RIGAUX, p. 176, pl. 9, fig. 5.
1875 Pecten qualicosta ETALLON; DE LORIOL and PEL-
LAT, p. 202, pl. 22, figs. 18-20.
1893 Pecten beauntontinus BUVIGNIER; DE LORIOL,
p- 305, pl. 32, fig. 18.
1893 Pecten qualcosta ETALLON; DE LORIOL, p. 306,
pl. 32, fig. 20.
1900 Pecten varians ROEMER; E. PHILIPPI, p. 99,
text fig. 16a.
v 1905  Pecten gualicosta ETALLON; PERON, p. 221.
v 1905  Pecten beauntontinus BUVIGNIER; PERON, p. 230.
1917 Pecten cf. qualicosta ETALLON; BORISSIAK and
IVANOFF, p. 49, pl. 3, fig. 2.
1917 Pecten donezianus sp. nov; BORISSIAK and
IVANOFF, p. 52, pl. 3, figs. 5-12.
21921 Chlamys Beanmontina (BUVIGNIER); COSSMANN,
p-6,pl. 1, fig. 1.
1926 Chlamys (Aequipecten) qualicosta (ETALLON);
ARKELL, p. 548, pl. 32, figs. 4, 5.
Chlamys (Chlamys) qualicosta (ETALLON); AR-
KELL, p. 111, pl. 11, figs. 2-5.
1936 Aequipecten qualicosta (ETALLON); DECHASEAUX,
p- 51, pl. 7, figs. 7-21.
v 1936 Aequipecten Beawmontinus (BUVIGNIER); DECHAS
EAUX, p. 53, pl. 8, fig. 4.
1936 Aequipecten perstrictus  (ETALLON); DECHAS
EAUX, p. 56, pl. 8, fig. 8.
Aequipecten Buvignierr sp. nov; DECHASEAUX,
p- 58, pl. 8, fig. 2.
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21952 Chlamys (Radulopecten) qualicosta (ETALLON);
CHAVAN, p. 37, pl. 2, fig. 15.

The type material of Pecten varians ROEMER
1836, p. 68, pl. 3, fig. 19 is probably in the
Roemer-PeLizacus-Museum,  Hildesheim,
W. Germany. The material was derived from
the Oxfordian of N. Germany.

i. ORIGINAL DIAGNOSIS AND DESCRIPTION

‘P. testa ovato-orbiculari convexo plana radiatim striata,
valva sinistra convexiore, striis subinaequalibus lineis concen-
tricis in striarum longitudinalium dorso lamelloso squamosis
decussatis, auriculis inaequalibus longitudinaliter striatis.

Das Gehiuse ist eirund, oder fast kreisrund; die Schalen
sind beide gewolbt, die linke am meisten; beide sind mit zahl-
reichen ungleichen Lingsstreifen besetzt, auf denen die con-
centrischen Linien blittrige Schuppen bilden: diese sind ge-
wohnlich nur am unteren Teile der Schalen deutlich, fehlen
aber selten ganz. Die Ohren sind ungleich lingsgestreift und
wenig quer-liniert.

Ist gewohnlich etwas kleiner als das abgebildete Exemplar
und findet sich im oberen Coral Rag bei Hoheneggelsen so
wie am Galzenberge bei Hildesheim.*

2. AMENDED DIAGNOSIS

Differing from R. vagans, R. strictus and R. mequicos-
tatus by the larger number of initial plicae and from all other
species of Radulopecten by the existence of a non-plicate
phase early in ontogeny.
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Text fig. 177:  Radulopecten vartans — height/length.

3. AMENDED DESCRIPTION

Disc sub-ovate, higher than long, early in ontogeny grow-
ing allometrically (text fig. 177) to become sub-orbicular near
the maximum height of 33 mm (NM). Umbonal angle vari-
able (text fig. 179), increasing slightly during ontogeny to
produce concave dorsal <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>